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Executive Summary

This report was prepared by the Louisiana Geological Survey at Louisiana State University for the
Louisiana Department of Natural Resources-Atchafalaya Basin Program (LDNR). The report
documents the impacts of the 2011 Mississippi River flood event and associated diversions on the
Atchafalaya Basin. Its purpose is to document in one report anecdotal, qualitative and quantitative
information relative to the flood event generated by various agencies, academic institutions,
non-governmental organizations and other stakeholders. More specifically, the report focuses on the
impacts that floodwater had on Atchafalaya Basin resources and assets, and on the impacts to public
health and safety.

The project is composed of a data analysis and collection phase, and a data compilation and graphic
display phase. Field measurements were made starting May 19,2011, and ended in November 2011.

This flooding event impacted basin residents and users, the oil and gas industry, agriculture and
forestry, sport and commercial fisheries, fish and wildlife, wildlife management areas and a wildlife
refuge, roads, and the tourist industry. There was a reduction in production of approximately 2,000
barrels/day of oil and 17.9 million cubic feet/day of natural gas. Approximately 95,500 acres of
agricultural land were inundated by this flooding event. A number of boat landings were flooded and
some of them received silt deposits requiring removal. A number of individual reports have or will be
prepared and released by various agencies and groups. Information available at the time of the
preparation of this report is included.

A number of different organizations collected field measurements and samples within the Atchafalaya
Basin during the flood event. Those efforts focused on water quality parameters. The first six collections
occurred on a weekly schedule; the frequency of collection decreased to biweekly for three cycles, then
to monthly starting August 4, 2011 and extending into the fall. Field samples were collected for the
LDNR by the Louisiana Department of Wildlife and Fisheries, Louisiana Department of Environmental
Quality, Louisiana State University, U.S. Geological Survey, U.S. National Park Service, and U.S. Fish
and Wildlife Service.

Laboratory analysis has been performed by the following agencies/entities: Louisiana Department of
Environmental Quality, Louisiana Department of Health and Hospitals, Louisiana Department of
Wildlife and Fisheries, Louisiana Geological Survey, U.S. Geological Survey, Prof. John White of
LSU’s Department of Oceanography and Coastal Sciences, Prof. Richard Keim of LSU’s School of
Renewable Natural Resources, Prof. Robert Cook of LSU’s Department of Chemistry, Prof. Alexander
Kohler of Tulane University’s Department of Earth and Environmental Sciences, and Prof. Scott Durelle
of Virginia Tech’s Department of Biological Systems Engineering.

This report was prepared by the Louisiana Geological Survey with the assistance of LDNR’s Atchafa-
laya Basin Program under DNR contract 2045-11-01 with funding provided by the Coastal Protection
and Restoration Authority of Louisiana through the LCA Science & Technology Program Office and by
the Federal Emergency Management Agency’s Assistance Grant Program.

The report contains in excess of 5,000 analyses as well as months of gaging data collected from a
multitude of sites. In addition, supplemental data may have been added on the database CD which will
be compiled shortly after this report was completed. It is an archive of the information collected and
made available to the authors and collaborators during the preparation of this report. The number of
analyses collected as of the completion of this report is summarized on the following table:



Summary of Site Sampled and Analytical Data Collected
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measurements
Nutrients analyses 1154 76 486 | 469 119
Cations analyses 668 76 469 119
Isotope analyses 560 402 158
VOC analyses 9 5
Other analyses 128 76| 4 48
TSS analyses 749 297 452
Fluorescence analyses 144 144
Synoptic measurements 333 333

Although many aspects of the economic impact of the flood on the Basin cannot be readily estimated
due to the lack of available information, using the data collected from various agencies, parishes and
individuals, the known impact can be estimated at over $56,000,000. The information collected as of the
completion of this report is summarized on the following table:

Summary of Economic Impact Data Collected

Economic Sector Agency/Stakeholder Impact to Economic Impact
Agriculture LSU-Ag Crop and livestock $44,969,387
Wildlife LDWF Black bear and Deer $870,000
Fisheries Unknown
Infrastructure LDWF Repairs at WMAs $93,200
Infrastructure LDOTD Response and repairs $3,402,945
Infrastructure St Mary Parish Repair boat launches $3,000,000
Infrastructure Private Repair boat launches $583,715
Infrastructure Private Homes and camps Unknown
Crude Oil Production Private Shut-in production $2,448,072
Natural Gas Production | Private Shut-in production $612,071
Tourism USACE WMASs $384,000
Industrial Production Unknown
Navigation Unknown

Total $56,363,390
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Introduction

The 2011 Mississippi River flood event represents the second time that the U.S. Army Corps of
Engineers (USACE) opened the Morganza Spillway (a.k.a. Morganza Control Structure) to

divert Mississippi River water into the Morganza Floodway. The structure was completed in 1954 and
has the capacity to divert up to 600,000 cubic feet per second (cfs) from the Mississippi River. It is
operated when the Mississippi River flow at the Red River Landing is predicted to exceed 1,500,000 cfs.
The structure was only opened once prior to the 2011 flood event. In 1973, the structure was opened for
a total of 57 days (April 17 to June 13, 1973). Forty two bays of the structure were briefly opened on
April 17, 1973, but for most of the duration only 20 bays remained open.

This report was prepared by the Louisiana Geological Survey (LGS) at Louisiana State University
(LSU) in partial fulfillment of Louisiana Department of Natural Resources (LDNR) contract No. 2045-
11-01. The report documents the impact of the 2011 Mississippi River flood event and

associated diversions onto the Atchafalaya Basin of Louisiana (Figure 1). A timeline of the key dates of
the 2011 Mississippi River flood event as it applies to the Atchafalaya Basin is presented in Table 1.

Table 1. Timeline of the 2011 Atchafalaya Basin Flooding Event

Date (2011) Events
April 19 Beginning of LDNR flood event monitoring activities
April 25" Date identified by FEMA as the beginning of the flood event.

May 6™ Louisiana’s Governor requests an Emergency declaration for 14 parishes (a
total of 34 parishes will declare a State of Emergency)

May 9* USACE opens the Bonnet Carre Spillway
May 12 Six Louisiana parishes issue voluntary evacuation

May 14" USACE opens the Morganza Spillway. St. Landry Parish issues a mandatory
evacuation order; voluntary orders remain in effect for Iberia, Iberville, Pointe
Coupee, St. Martin and St. Mary.

May 19 Governor Jindal requests U.S. Dept. of the Interior’s assistance and recovery
programs for Louisiana’s recreational and commercial fishing, hunting and eco-
tourism industries impacts.

July 7% Date designated by FEMA as the end of the flood event. The USACE closes
the last bay of the Morganza Spillway

Aug. 18" The President of the United States issued a major disaster declaration for 15
parishes including Pointe Coupee, St. Landry, St. Martin and St. Mary

Novw. End of flood monitoring event




The following actions were taken by LDNR and other state agencies prior to the opening of the
Morganza Spillway, based on concerns regarding Atchafalaya Basin assets and resources, as well as
present and future risk to public health and safety. The actions taken included the following:

B notification to oil and gas operators, pipelines and disposal facilities to take measures necessary to
secure operations;

B notification to stakeholders to secure or remove assets;

B securing of Wildlife Management Areas by the Louisiana Department of Wildlife and
Fisheries (LDWF);

B development by LDNR, and implementation by the Coastal Protection and Restoration
Authority of Louisiana (CPRA) and the Louisiana Department of Transportation and
Development (LDOTD), of a plan to protect the Atchafalaya Welcome Center and LDOTD
communications assets in that area. In addition, the Louisiana Department of Culture,
Recreation and Tourism removed most assets from the Atchafalaya Welcome Center
building as precautionary measure; and

B coordination and development of a monitoring plan in conjunction with members of the LDNR’s
Atchafalaya Basin Program’s Technical Advisory Group (TAG).

The initial opening of Morganza Spillway gates (Figure 2) by the USACE during this flood event began
May 14,2011, with two gates being opened on that date (Figure 3). Over the course of its operation, up
to 17 gates were opened, reaching a maximum discharge of 182,000 cfs on May 18, 2011 (Figure 3).
During the time the Morganza Spillway was open the flow of water was often over 100,000 cfs, which
was approximately 7% of the Mississippi River’s flow at Tarbert Landing (USGS gage #07295100),
Pointe Coupee Parish, Louisiana, and approximately 15% of the Atchafalaya River flow at Simmesport
(Figures 4 and 5). By comparison closure of gates occurred over a far more extended period of time.

By June 6 only seven gates remained open (WAFB, 2011). The last gate was closed on July 7, with some
residual flow from the Morganza forebay allowed to continue to drain.

The flood wave took some time to move southward through the Atchafalaya Basin as indicated by stage
readings. The flood crest arrived at the Simmesport, Louisiana, gaging station between May 23 and

May 24 (Figure 5). The flood crest of 35.68 feet arrived at the Melville gaging station on May 24, and
reached 23.1 feet at the Butte La Rose gaging station on May 27. It took approximately three days for
the flood crest to travel the 59.9 miles between Simmesport and Butte La Rose. Along the Mississippi
River, the flood crest arrived on May 18 at the Red River Landing and Baton Rouge gaging stations, and
on May 19 in New Orleans (Figure 6).

The flood for the Morganza Floodway and the Lower Mississippi River was the tail end of a flood that
started as far north as St. Paul, Minnesota, and was at or near record stages in a variety of cities south
of St. Paul, Minnesota: Guttenberg, lowa, within about 2.7 feet of the record flood (Love, 2011) flood-
ing at 50-year high in East Dubuque, Illinois (Wisinewski, 2011) record flooding in Cairo, Illinois
(Christian Science Monitor, 2011) record crests occurred in Natchez and Vicksburg Mississippi near
record flood crests were observed in Memphis, Tennessee; Arkansas City, Arkansas; Helena, Arkansas;
and Greenville, Mississippi (Oblack, 2011) Caruthersville, Missouri, had a record flood crest (Moore,
2011). The crest of the flood took over a month to move south from comunities in Minnesota to
Louisiana and Mississippi (Figure 7).
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John Clark, Iberville Parish Government

Figure 2. Aerial view of the Morganza Spillway on May 17, 2011.

Extent and Duration of Inundation

The extent and duration of flooding was first forecasted by USACE modelers in early May (Figures 8
and 9). Peak flood height in the Upper Flat Lake area was estimated at up to 25 feet with the Morganza
Floodway at 50% capacity (300,000 cfs). During the 2011 flood, the Morganza Flood Control Structure
was only operated by the USACE at a maximum of 182,000 cfs or 30% of capacity. The actual extent
and duration of flooding within the Atchafalaya Basin can be estimated based on National Aeronautics
and Space Administration’s (NASA) Landsat satellite imagery taken on April 16, May 18, June 3 and
June 19,2011, and recorded gaging station stage levels within the Basin.

Inundated Areas

Elevated discharge had already begun flowing down the Atchafalaya River in late February. On April 6
the lower portion of the Atchafalaya Basin already exhibited signs of rising water. Starting on May 14",
floodwaters began impacting the Morganza Floodway (Figure 10). Rising water can also be seen in the
May 18" Landsat imagery but is no longer visible on the July 13" imagery (Figure 11). These observa-
tions are consistent with the flooding predictor presented by the USACE (Figure 8). Within the Morgan-
za floodway, it can be observed that on April 6™ the fields were dry while on May 18" they are flooded
(Figures 10 and 11). It should be noted that the July 3" imagery shows that some fields had retained
water through that date. Based on the May 18" Landsat 7 imagery (Figure 12), it was estimated to be
between 600,000 (app. 60%) and 768,000 acres (app. 72%) of the basin area (app. 1,068,000 acres),
were impacted by flood water.
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John Clark, Iberville Parish Government
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Figure 10. Aerial view of flooded field in the Morganza Floodway on May 17,2011. ..

Figure 11. Satellite imagery collected on April 6, May 18 and July 13, 2011 (from left to right — source: Landsat7 imagery).
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Flood Duration and Flood Travel Time
Flood Duration

From the initial increase in flow which began on February 23, 2011 until the flood water had receded
and the river stage returned to pre-rising condition (October 19™, 2011), the flood represents a 229 day
long cycle (Figures 13 and 14). Although 72% of the basin was impacted by the flood, flood stage was
not reached at Simmesport, Melville and Krotz Springs (Table 2). These three gages are located along
the segment of the Atchafalaya River that is confined within river levees. The river levees end south
of Krotz Springs, at the St. Landry/St. Martin parish line, where the floodwater contribution from the
Atchafalaya River and the Morganza Floodway merge. Below this point action, flood and moderate
flood stages were exceeded (Table 2).

60 ——Q0Id River

—Simmesport
——KTrotz Springs
—Melville
——Butte La Rose

50

——Morgan City
40

A /m\

AN

10y — \\\m\ \/
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Figure 13. Peak stage along the Atchafalaya Basin (Source: USGS and USACE gaging stations data — see
Appendix E).
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Table 2. Duration of Flood Stages at Gages Monitored by National Weather Service

Gage Category/Duration | Major Flood Stage | Moderate Flood Stage | Flood Stage | Action Stage
) Flood category (ft) 60 50 47 46
Simmesport -
Duration (days) 0 0 0 0
. Flood category (ft) 50 45 41 40
Melville -
Duration (days) 0 0 0 0
. Flood category (ft) 43 40 37 36
Krotz Springs -
Duration (days) 0 0 0 0
Flood cate ft 28 27 25 23
Butte La Rose - gory (1
Duration (days) 0 0 0 2
Flood category (ft 26 20 15 14
Myette Point - gory ()
Duration (days) 0 0 6 13
. Flood category (ft) 12 4 4
Morgan City -
Duration (days) 0 138 138

Source: National Oceanographic and Atmospheric Administration
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Flood Travel Time

The USACE model predicted that the arrival time of the peak flood stage would be 72 hours after the
opening of the structure (Figure 9). The Morganza Spillway was opened at 11:30 am on May 14;
maximum flow was achieved on May 18" (Table 3). Based on the gaging data collected, it took in
excess of 7 days for the flood peak to travel through the length of the Atchafalaya Basin. The retardation
of the flood peak has been anecdotally associated by others to the drought conditions afflicting Louisiana
at the time.

Table 3. Peak Stage and Discharge at Basin Gaging Stations
Stage | Discharge
(ft.msl) (cfs)
Morganza 5/18/11 182,000
Old River 5/22/2011 | 7:45PM | 49.66
Simmesport | 5/22/2011 | 6:15 AM | 44.83 692,000
Melville 5/24/2011 | 7:00 AM | 35.69
Krotz Springs | 5/26/2011 | 3:00 PM | 31.99
Butte La Rose | 5/26/2011 | 1:15AM | 23.08
Morgan City | 5/29/2011 10.19 481,000
Wax Outlet | 5/29/2011 | 8:45PM | 10.93 317,000
Source: USGS and USACE gaging stations data — see Appendix E.

Gage Date Time
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Summary of Reported Impacts (Physical, Economic, etc.)

Crops including rice, soybeans, cotton, sugarcane, corn, wheat, sorghum, hay and crawfish (aquaculture)
are grown in the Morganza Floodway. An LSU Ag Center agent reported that the Morganza Floodway
forebay was a near total loss for agriculture in 2011. Some effort to replant soybeans occurred in the
Morganza Floodway. Cattle were relocated out of the Morganza Floodway prior to its opening; pasture
began to recover on the high grounds following the closure of that floodway.

Impact to Agriculture
Cropland

Approximately 95,500 acres of crops (Strain, 2011; and Guidry, 2011) were inundated by the flood event
caused by the opening of the Morganza Spillway (Table 4 and Figure 15). Approximately 60 percent of
the flooded cropland was fields of soybeans and forage. Most (>50%) of the crops were likely lost for
the full season (Table 4). The economic impact of the crop loss was estimated by the LSU AgCenter at
approximately $45 million (Guidry, 2011). The greatest economic loss (Table 4) was associated with the
inundation of corn and soybeans fields ($35 million).

Aquaculture

Based upon a press release by the LDAF dated June 23,2011 (Strain, 2011) aproximately 370 acres of
land in aquaculture was inundated by the flood event.

Livestock

Based upon a document released by the LSU AgCenter (Guidry, 2011) approximately 31,300 acres of
pasture were impacted by the flood event (Table 4). The report also indicated that 4,800 head of cattle
were evacuated prior to the flood and only 12 head of cattle were lost as the result of drowning.

The economic loss was estimated at $1,091,250 for the lost forage and $10,440 for the drowned cattle.

Table 4. Agriculture Production Impacted by the Opening of the Morganza Spillway.

Total Acres with | Acres With
Commodity Acres 100% Yield Partial Economic Impact

Impacted Loss Yield Loss
Corn 18,925 12,175 6,750 $15,224,119
Cotton 7,500 3,550 3,950 $4,841,193
Grain Sorghum 739 739 0 $434,315
Rice 2,632 2,632 0 $2,000,270
Soybeans 33,134 31,834 1,300 $19,485,032
Sugarcane 836 836 0 $1,683,208
Wheat 400 400 0 $175,560
Forage 31,300 N/A N/A $1,091,250

Livestock
Cattle 4,800 $24,000
Evacuated

Cattle Killed 12 $10,440
Total 95,466 52,166 12,000 $44,969,387

Source: Guidry, 2011
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Figure 15. Flooded fields within the Morganza Floodway on May 18, 2011 (the background satellite imagery is
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Impact to Forestry

LDAF’s Office of Forestry personnel indicated that it was not likely that there was any lasting damage to
the forestry resource in the Atchafalaya Basin as a result of the 2011 flood.

Impact to Wildlife
Louisiana Black Bear

LDWEF personnel indicated that the Morganza Floodway opening and associated inundation displaced
Louisiana black bears, a federally listed threatened species, from the floodway. Bear sightings following
the opening increased, mostly because levee spotters were reporting them.

Bears were seen swimming out of the floodway, and back into the floodway, on a regular basis. One
lactating female was hit by a train on a railway trestle. LDWF personnel expected that there was some
loss of bear cubs during the floodway opening, given the strong current and the obstructions they would
have had to negotiate. One radio-collared female bear had one cub prior to the flood. That collared
female never left the Morganza Floodway during the flood, and is believed to have lost her cub. If the
cub, and the lactating female and her cub are assumed to have perished as the result of the flood, using
the LDWF’s civil restitution value for a black bear, the loss could be estimated at $30,000.

The USACE, per requirements of the federal Endangered Species Act, will prepare a biological assess-
ment on the effects of the 2011 flood operations (including operation of the Old River Control Structure
and the Morganza Floodway) on the Louisiana black bear and the endangered pallid sturgeon. That as-
sessment will be used by the U.S. Fish and Wildlife Service (USFWS) in their preparation of a biologi-
cal opinion in the effects of those flood operations on the Louisiana black bear and the pallid sturgeon.
That opinion is expected to include an estimate of mortality for each of those species as a result of the
2011 flood operations. It is also anticipated the estimates will be available separately for the Atchafalaya
Basin, as well as the area affected by the Bonnet Carre Spillway opening after the release of this report.

Whitetail Deer

The LDWF conducted surveys to determine 2011 flood-related impacts to the deer herd in that portion of
the Atchafalaya Basin extending north of I-10 to the Morganza Floodway spillway gates. Those surveys
resulted in mortality estimates of up to 30 percent for the deer herd in that area. Those estimates led to
LWDF reducing deer hunting opportunities in the Atchafalaya Basin for the 2011-2012 hunting season.
Based upon the LDWF’s criteria, the deer population within the Morganza Spillway can be estimated

at approximately 5,400. Using the 30% mortality rate, it can be roughly estimated that up to 1,600 deer
may have died as the result of the flooding. Using the current LDWF’s civil restitution value for a deer,
the economic loss could be estimated at up to $840,000.

Other wildlife

It is expected that smaller mammals and ground nesting birds were significantly impacted by the flood
(Figure 16). LDWEF captured a small number of wild turkeys in the Morganza Floodway just prior to the
2011 opening of that spillway, and fitted them radio collars for tracking of their movement in response to
that flooding. The utility of that tracking information in quantifying the 2011 flood impacts on that spe-
cies is limited by the small sample size involved. Based on information reported by Atchafalaya Nation-
al Wildlife Refuge (NWR) personnel wild turkey nesting in the inundated areas were severely impacted
by the floodwater, no young turkeys were observed after the floodwater had receded.

LDWEF personnel, who manage Louisiana’s alligator populations and harvest, noted that any significant
effects on alligator harvest in the Atchafalaya Basin as a result of the 2011 flood would be reflected in
harvest levels specific to that area for the upcoming 2011 alligator hunting season. LDWF also indicated
that they planned on looking at alligator egg collection records for the Atchafalaya Basin to help deter-
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mine effects of the 2011 flood on future alligator population. In November 2011, the USACE issued a
biological assessment report regarding the effect of the opening of the Morganza Spillway on the endan-
gered pallid sturgeon (George and Killgore, 2011). The report concluded that the USACE “believes that
the number of adult and juvenile sturgeon entrained was negligible to non-existent.” The report, with
concurrence from USFWS, states that the 2011 operation of the Morganza Spillway did not adversely
impact the pallid sturgeon.

Bonnie Hedges, Bayou Pigeon

~

Figure 16. Picture of a rabbit swimming in the floodwater on May 28, 201

Wildlife Management Areas and Refuges

On May 16, 2011, the LDWF closed their two Wildlife Management Areas (WMASs) in the Atchafalaya
Basin (Sherburne WMA and Attakapas Island WMA). On July 1,2011, LDWF reopened all of At-
takapas Island WMA. On that date, that portion of Sherburne WMA known as the “South Farm” was
reopened to all terrain vehicle and walk-in traffic. The remainder of that WMA, including the shooting
range, was closed until August 1,2011.

Both Sherburne WMA, as well as the adjacent Atchafalaya NWR, had extensive flood damages to roads.
LDWEF estimated that approximately $93,200 would be needed to repair damages to North Oil Field
Roads, Big and Little Alabama Roads, Happytown Road, Bayou Manuel Road, Headquarters and Camp-
grounds Roads, and parking areas on Sherburne WMA. On Atchafalaya NWR, the USFWS estimated
that $94,500 would be needed to repair flood impacts to those portions of Big Alabama Road, Hap-
pytown Road, Landing Road, Bayou Manuel Road, Double Gate Road that are located on the Refuge,
and to eight informational kiosks found there. The roads damaged on Sherburne WMA and Atchafalaya
NWR provided access to tens of thousand of visitors to those public use areas, as well as to private
landowners, oil and gas operations, and power lines. Oil and gas companies have performed approved
repairs on some damaged roads there so they could access their facilities.

Information provided by the USACE indicated that funds were needed to repair flood damages to roads,
informational kiosks, trails, water wells, ranger stations, levees, and culverts, as well as for debris re-
moval, on Indian Bayou and Bayou Des Ourses WMAs. As of later 2011, the Sherburne headquarters
and South Farm Complex had not been rehabilitated, and many of the undermined roads had not been
recovered with new gravel.
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Impact to Fisheries
Recreational

Feedback from sport fishermen and agency personnel indicated reduced sport fishing effort and suc-
cess in the Basin during the higher water periods of the 2011 flood. Fish kills attributed to low dissolved
oxygen (DO) levels were reported by LDWF personnel in the Henderson Lake area and in the borrow
canal that runs downstream from that area along the flood side of the West Atchafalaya Basin Protection
Levee. A fish kill in Cow Island Lake was also reported. Following the peak of the flood, some sport
fishermen did report success at some basin locations; reports of good sport fishing success increased as
water levels continued to fall.

Commercial
Wild Crawfish

Communication with Atchafalaya Basin commercial crawfishermen indicated widespread areas of
low-oxygen water, a lack of north-to-south flow, and only spotty areas of the basin with better water
quality. Crawfishermen had to move their traps frequently to avoid areas of bad water quality.

Some fishermen noted that higher crawfish prices helped to offset lower harvest; some fishermen were
continuing to harvest in late July. USACE indicated that the fishing areas within WMAs were closed
during the flood period.

Feedback from crawfishermen in the eastern portion of the Basin indicated that crawfish harvest there
was lower than in the western portion of the Basin. Despite their hope that the flood would improve
water quality and harvest, they reported that this crawfish season was not as good as last year. They also
noted that most of the black water areas (areas low in dissolved oxygen) remained black even though the
water was flowing through the swamps. Overall, based on a LSU AgCenter agent, the overall season ap-
peared to be an average one, or maybe just slightly below average.

Finfish

On July 11, LDWF personnel reported that a fish kill was occurring in the Henderson Lake area. The kill
involved hundreds of thousands of threadfin shad, thousands of freshwater drum (a commercial species),
probably thousands of largemouth bass, and lesser numbers of finfish species such as crappie and blue-
gill. The cause of the fish kill was believed to be low DO levels. LDWF personnel (Walker, 2011, per-
sonal communication) associated the low dissolved oxygen levels and resulting fish kills in Henderson
Lake, to the decay of a tremendous amount of vegetative material that was inundated during the flood.
In addition, isolated pockets of poor water quality may also have resulted from water turnovers, which
are the result of a sudden mixing of standing water. These turnovers are commonly caused by heavy
rainfall events. LDWF personnel also mentioned reports of a fish kill in the nearby Cow Island Lake
area and in a drain that flows into the Atchafalaya River near Butte La Rose. No fish kills were known to
have been reported from other areas of the Atchafalaya Basin during this flood event.
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Impact of Environmental Resources
Wetland Ecology

During the preparation of this report, limited information was available regarding impact to wetland
ecology within the basin. It was noted that some of the black water observed in the basin had been
flushed out; however, a large area of black water remained in the Upper Belle River area.

Sedimentation/Erosion

Field observations indicate that a number of boat landings have flooded, and that some experienced
substantial amounts of sedimentation requiring removal (Figure 17 a & b). Up to four feet of river silt
accumulation was documented along the Atchafalaya River near Morgan City.

Atchafalaya Basin Levee District

Figure 17 a. Erosion and sedimentation feature observed in the Basin after
the 2011 flood event. Photograph of scoured potholes near the Morganza
Spillway taken on 1/25/12.

Mike Walker, LDWF

Figure 17 b. Erosion and sedimentation feature observed in the Basin
after the 2011 flood event. Photograph of sedimentation at Dorion’s
Landing taken on 6/14/11.
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Severe erosion including 30-foot potholes was documented by the Atchafalaya Basin Levee District
downstream of the Morganza Flood Control Structure (Figure 17). Officials from St. Mary Parish
reported that two huge sand deposits were formed by the flood, one in Atchafalaya Bay and the other in
the Atchafalaya River near Morgan City.

Impact from Invasive Plants

The most serious problem associated with aquatic invasive vegetation in the Basin during the 2011 flood
was found in the upper end of Henderson Lake, in the Indian Bayou Wildlife Management Area. Ac-
cording to analysis done by the USACE’s Engineer Research and Development Center (Yvonne Allen,
2011, written communication), satellite image showed that on June 19, 2011 there was approximately
1,170 acres of water hyacinth located mostly in the northern end of the lake. That estimate excluded
areas usually covered with water hyacinth, based on 30 historical satellite images. Water hyacinth rafts
also have been an impediment to recreational navigation, as well as access by commercial fishermen.

Impact to Drinking Water Supply

A survey of the LDNR Office of Conservation’s Strategic Online Natural Resources Information System
(SONRIS) database indicated that approximately 960 registered water wells are found within the Atcha-
falaya Basin (Table 5). If the West Atchafalaya Basin Floodway, which did not flood during the 2011
Mississippi River flood event, is excluded (i.e. areas within St. Landry and Avoyelles Parishes), there are
approximately 500 registered water wells (Table 5). These wells most likely represent (Figure 18) only

a fraction of the existing wells within the basin, since the database only contains wells installed after the
beginning of record keeping (November 1, 1985).

Domestic Supply

The LDNR’s SONRIS data base indicates that, within the areas prone to inundation during the 2011
Mississippi River flood, 281 registered domestic water supply wells were at risk (Table 5). No specific
information was available at the time this report was prepared as to the conditions of those wells.

Table 5. Registered Water Wells in the Basin

Use Atchafalaya Atchafalaya Basin
Basin Excluding the West Floodway

Domestic Supply 527 281
Industrial Use 14 4
Irrigation 157 44
Monitoring 111 83
Public Supply 79 46
Rig Supply 58 38
Recovery 3 0

Test Hole

Other 9 5

Total 959 502

Source: LDNR’s SONRIS
Public Supply

The LDNR’s SONRIS database indicates that 46 registered public water supply wells were at risk within
the areas prone to inundation during the 2011 Mississippi River flood (Table 5 and Figure 18). Most of
the wells appear to be for campground or other small communal use. A limited amount of specific infor-
mation was available at the time this report was prepared as to the conditions of those wells.
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The Louisiana Department of Health and Hospitals (LDHH) reported that a total of 13 public utili-

ties were impacted in the Atchafalaya Basin, as follows: one in St. Mary Parish; four in Pointe Coupee
Parish; and eight in St. Martin Parish (Table 6). By far the largest public water utility impacted by the
Atchafalaya flood was the Morgan City Water System which has 6,300 customers, representing approxi-
mately 82% of all public utility customers impacted in the basin (Table 6). The distribution system for
Morgan City was not impacted, but the treatment plant was flooded.

The four public water utilities in Pointe Coupee Parish include 471 connections (Table 6), the largest of
which is the Pointe Coupee Water Works District 2 (Batchelor) which includes 320 of the 471 connec-
tions (Table 6). For this system, 75 service connections (mainly unoccupied camps) were inundated.
Water pressure in this area was maintained. Old River Water #7 is the second largest system in Pointe
Coupee Parish that was impacted. The water supply well and distribution system were submerged.

This water supply serves mobile camps which cannot be occupied when the river rises to flood levels.
The Old River Water #1 is the third largest system that was impacted in Pointe Coupee Parish (Table 6).
The water supply well and distribution system were turned off, all customers were impacted. Lastly, the
Sherburne WMA water system was completely inundated; both the well and connections were inundated
during the interval of time when the gates of the Morganza Spillway were opened. This is a seasonal
system serving hunters and fisherman, therefore, probably no customers were directly impacted (LDHH,
2011).

There are eight water systems in St. Martin Parish. Three of the water systems are located along the
edges of the Atchafalaya Basin; the River Ridge Estates Water System, the TESI Atchafalaya Acres
Water System and the McGees Landing Water System. These three systems have a total of 171 connec-
tions which faced a potential threat of inundation by floodwaters (LDHH, 2011). Two water systems are
located within the basin, the Atchafalaya Basin Landing Water System and the Angelles Whiskey River
Water System. These two systems have a total of ten connections and faced a potential threat of water
system becoming inundated with floodwaters (LDHH, 2011). The State-owned Butte La Rose Rest Stop
Water System was protected by a 28-foot high ring levee. It has two connections which faced a poten-
tial threat of the water system being inundated with floodwater. Near Butte La Rose, the Parish-owned
Uncle Dick Davis RV Park Water System, which has 17 connections the water system, was scheduled

to be shut down when road was closed due to flooding. The largest water system impacted in St. Martin
Parish is the St Martin Water and Sewer Commission #1, which has 760 connections servicing primarily
Stephensville (outside the basin’s East Atchafalaya Basin Protection Levee). The pumping station on LA
Hwy 70 was monitored during the flood for any inundation by floodwater (LDHH, 2011).

Impact to Communities

Beginning on May 10, 2011, the Governor of Louisiana reported that, under the scenario presented by
the USACE (Morganza Spillway opened at 50% - Figure 8), it was expected that between 2,500 and
3,000 residents, and 2,000 structures within the Atchafalaya Basin would be impacted by the opening
of the Morganza Spillway. Evacuation orders were declared in Iberville, St. Landry, St. Martin and St.
Mary Parishes. Within the impacted area it was determined that 17 hospitals, 11 nursing homes and

86 businesses would be impacted. Louisiana Hwy 1 was closed over the Morganza Spillway, and lane
closure and speed reduction were established for U.S. Hwy 190. La Hwy 3177 in Butte La Rose (St.
Martin Parish), LA Hwy 975 (St. Martin and Pointe Coupee Parishes — closed approximately May 15 to
June 1) and Bayou Pigeon Rd. (St. Mary Parish) were closed due to high water. The Butte La Rose visi-
tor center made preparation to close, but remained open during the duration of the flood event.
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Table 6. Water Utilities Impacted by 2011 Floodwater in the Atchafalaya Basin

3| g g . z
72} @ = @
o5 B2l B = 2 . S
S = =) - v = -
Parish System name £ g = S| £ < ° 2 § =
o = = g ) = == 3
N = D > Q o) @ » = =
s |©9=| § 5 £ £ 5
O o S &
g(?lllgfe Old River Water #7 100 yes no inop high yes yes
Pointe . . .
Coupee Old River Water #1 50 no no OK high partial (Shut off) yes
Pointe Pointe Coupee
Counce Water Works District 320 yes no OK high partial no
P #2-Batchelor
Pointe Sherburne WMA . .
Coupee Water System ! no no fhop high yes yes
. Uncle Dick Davis RV .
St. Martin Park Water System 17 no no OK high no no
St. Martin Rlvﬁa{{elrdsg;iiates 24 yes no OK high no no
St. Martin TESI Atchafalaya 143 yes no OK high no no

Acres water system

St. Martin St. Martin Wgter 760 no no OK high no no
Sewer Commission #1

. Atchafalaya Basin .
St. Martin Landing Water System 9 yes no OK high no no
. McGees Landing .
St. Martin Water System 3 yes no OK high no no
. Angelles Whiskey .
St. Martin River Water System 1 yes no OK high no no
St. Martin Butte Larose Rest Stop 2 no no OK high no no
Water System
Morgan City Water .
St. Mary System 6300 yes yes OK high no yes

Source: LDHH, 2011 .

Impact to Structures and Infrastructure

The Governor’s Office of Homeland Security and Emergency Preparedness (GOHSEP) website pro-
vides a listing of parishes Office of Homeland Security and Emergency Preparedness (OHSEP) contacts.
Those individuals listed for the parishes with lands within the Atchafalaya Basin were contacted to
provide information on infrastructure, camps and residences within the Basin that were impacted by the
2011 flood (Table 7 and Figure 19).
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Table 7. Inventory of Structures and Infrastructure in the Atchafalaya Basin

Figure 19. Flooded residences and camps within the Morganza Floodway on May 17, 2011.

Number

Structure

Notes

17

Hospital

11

Nursing homes

one closed and one evacuated

673

Residence

>900

Camps

>1,300 mi

Pipelines

Excludes flow and gathering lines

592

producing wells

168 shut-in during the flood

252

Lease, Unit or Well (LUW)

17 mi

Federal Interstate highway

US 10

34 mi

Federal highways

US 190, US 71, US 90

87 mi

State highways

~80 mi

Railroad tracks

1

Visitor center

80

Boat launches

1

Petroleum refinery

Sources: LDNR, GOHSEP and parishes OHSEP
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Private Structures and Infrastructure
Iberia Parish

Iberia Parish personnel noted that there appear to be no camps in the Iberia Parish portion of the Basin
that were affected by the floodwaters (Table 8). They also reported that there were no Iberia Parish resi-
dences located in the Basin. There were no road closures, navigation closures, utility closures, or boat
launch closures in the parish. In addition, there was no known damage to assets either public or private.
There appeared to be no flood related sand deposits and bars, log jams or erosion within the parish.

No incidents were reported relevant to public health and safety within the parish. Although there were no
reported flood-related impacts within the parish, a number of precautionary measures were taken, such
as prepositioning public works equipment and conducting levee surveillance (Prescott Marshall, 2011
written communication).

Iberville Parish

Iberville Parish personnel estimated that about 198 camps and two (2) residences flooded in the Atchafa-
laya Basin portion of their parish. There are a total of 250 private and public structures within the basin
levees that were flooded (Laurie Doiron, 2011, written communication). There were no road closures,
navigation closures, utility closures, or boat launch closures in the parish. In addition, there were no
reported flood-related damages to assets, either public or private. The OHSEP of Iberville Parish was not
aware of any sand deposits and bars, log jams or erosion within the parish. There were sandbags were
prepared but were not used. There were no incidents relevant to public health and safety within the par-
ish (Laurie Doiron, 2011, written communication).

Table 8. Number of Camps, Residences and Businesses Impacted by Floodwaters

Parish Camps | Residences | Businesses Other Total
Iberia 0 0 0 0 0
Iberville 198 2 50 250

Pointe Coupee | 22-28 0 22-28
St. Landry 26 1 27
St. Martin 250-300 40 290-340

St. Mary 187 10 35 232
Total 683-791 86 821-877

Pointe Coupee Parish

The Pointe Coupee Parish contact estimated that 20 to 25 camps located near Sherburne WMA (Big
Alabama) area were flooded, and that 2 to 3 hunting camps within the Morganza Floodway north of U.S.
Hwy 190 were flooded. The Atchafalaya Basin Levee District documented the formation of scour holes
at the base of the Morganza Spillway apron (Figure 17). The parish did not issue an evacuation order for
the Morganza Floodway, but indicated that the affected persons self-evacuated. Sheriffs and National
Guardsmen went door to door to warn residents to move themselves, their belonging and their livestock
ahead of the floodwaters (The Times-Picayune, May 14, 2011).

St. Landry Parish

The St. Landry Parish contact received reports that a couple of camps just north of Melville sustained
water damage, and 24 camps and/or residential homes located off of Spillway Road (Landing Lane, Wa-
ter Front Rd., and Misty Creek Rd, in Port Barre) sustained water damage. The Atchafalaya campground
was under water for approximately 20 days. It is located on the east side of the Atchafalaya River levee
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off of LA Hwy 105 south of Krotz Springs on the unprotected side of the Atchafalaya River levee (Lisa
Vidrine, 2011, written communication).

In Krotz Springs, a two-mile long emergency levee was constructed starting on the north end of the
Union Pacific Railroad track and ending at LA Hwy 105 on its south end. The levee remained up until
October 6, 2011, but parts were taken out to restore perimeter fencing. Wrap material, sand, dirt, sand
bags, Hesko baskets, rib baskets, and plastic sheeting were utilized to build this levee (Lisa Vidrine,
2011, written communication).

The Bayou Darbonne boat launches closed, including the Levee Landing boat launch and the Public boat
launch under U.S. Hwy 190 near Port Barre. The boat launch at the Grimmett Canal, located south of
U.S. Hwy 190 off of Spillway Road near Port Barre, was closed due to rising water. The access to the
launch was submerged and was deemed a safety hazard. Both of these closures started May 31, 2011,
and ended on June 14, 2011. The boat launches on the Atchafalaya River were closed to the public on
May 31,2011 due to hazardous conditions on the river and were not reopened until June 14,2011 (Lisa
Vidrine, written communication, 2011).

St. Martin Parish

St. Martin Parish provided an inventory of the number of structures within the Atchafalaya Basin, which
included 831 camps, 398 homes, 1 fire station, 3 public buildings, 3 churches, and 21 businesses.

St. Martin Parish had on-site documentation of 40 structures that had flood damages, primarily in the
Butte La Rose, Sherburne and Happy Town areas. The Parish is generally aware of unreported flooding
that likely occurred in some of the camps in the St. Martin Parish portion of the Basin.

St. Mary Parish

The St. Mary Parish Sheriff’s Office had reported that there were 328 camps in St. Mary Parish and that
187 of those camps were flooded during the 2011 flooding event. However, they did not have informa-
tion regarding how many of those flooded camps were located within the Atchafalaya Basin. Thirty five
businesses and ten homes were reported flooded (Duval Arthur, 2011, written communication).

Six boat launches were closed between May 5 and May 30: Millet Point, Centerville Boat Ramp #1
and #2, Michel Boat Ramp, Russo Boat Ramp, and Wilson Boat Ramp. Berwick Lock was closed to
navigation May 5 through May 30 and Bayou Pigeon Road (along the East Atchafalaya Basin Protection
Levee) was closed throughout the flood. To the south, outside the Atchafalaya Basin Floodway System,
LA Hwy 317 was closed near Burns Part May 14 to May 16, 2011, Bayou Chene was closed completely
May 5 through September 3, 2011, and the Avoca Island Ferry was closed May 7 through May 30
(Duval Arthur, 2011, written communication).

Several temporary flood control structures were located throughout St. Mary Parish. Approximately
80,000 fifty-pound sand bags and 5,000 three thousand pound sand bags were used. Twelve miles of
earthen levees and 10,000 feet of Hesco basket levees were constructed. On the south side of Morgan
City, a barrier was constructed in Bayou Chene to prevent backwater flooding. This involved sinking a
500-foot barge across the bayou. Two 400-foot sheet piling/rip-rap bumpers were constructed to help
hold the barge in place. A 1,000-foot long sheet pile structure was installed across the bayou. In an effort
to protect Morgan City, Franklin, Berwick and Baldwin, extra Tiger Dams, Augua Dams and additional
flood protection devices were put in place (Duval Arthur, 2011, written communication).

No log jams or erosion were reported within St Mary Parish. There were reports of two new large sand
deposits occurring south of the Atchafalaya Basin, one in Atchafalaya Bay and the other in the Atchafa-
laya River in Morgan City area (Duval Arthur, 2011, written communication). St. Mary Parish reported
damage to the boat launches listed above and to the Avoca Island Ferry ramp. The damage to the boat
launches/ramps and other structure was estimated at $3,000,000.
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Parish-Owned Structures and Infrastructure

As indicated above, impact in excess of $3,000,000 resulted from the floodwaters to parish-owned struc-
tures, infrastructure and/or facilities within the Basin. Flood-related impacts occurred to parish-main-
tained boat launches, such as siltation of Belle River boat launch, parking area, restrooms and pavilion
(St. Martin Parish), flooding of the facilities at Bayou Sorrell (Iberville Parish) and the six boat launches
in St. Mary Parish discussed above.

State-Owned Structures and Infrastructure

The Wildlife Division of the LDWF provided estimates indicating that repairs for 2011 flood damages
to roads and parking areas on Sherburne Wildlife Management Area would cost approximately $93,200
(Table 9). The Atchafalaya Welcome Center near Butte La Rose was closed during the high water. An
extension of the levee across the boat launch access road was constructed to protect communication as-
sets and the welcome center.

Table 9. LDWF Estimates of Infrastructure Repair in the Basin.
Estimated

Description WMA Cost Parish

2,250 tons Limestone for North Oil Field, Big
& Little Alabama Rds., Happytown Rd., Bayou Pointe
Manuel Rd., Parking areas, Headquarters and Sherburne WMA $81,000 Coupee

Campground Roads

330 yds. Pit Run for North Oil Field road Sherburne WMA $6.600 Pointe
washouts Coupee
100 ton Rip Rap tg fill washouts in North Oil Sherburne WMA $5.600 Pointe
Field Roads Coupee

Source: Kenneth Litzenberger, 2011 personal communication.

LDOTD response activities prior and during the flood included but are not limited to: building levees;
repairing roads and shoulders; controlling traffic; monitoring water levels; inspecting flooded areas;
closing roads; clearing debris from drainage structures; purchasing and hauling sand and sand bags;
hauling recycled asphalt; cold aggregates and other materials used for flood control measures; purchas-
ing, hauling and installing Hesco Baskets, Tiger Dams and RIBS; and constructing and repairing mov-
able bridges. The total estimated DOTD cost for response and damages in the Atchafalaya Basin is
$3,402,945 (Table 10).
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Table 10. LDOTD Estimated Response and Damage Expenses in the Basin.

Category of Expense Estimated Cost
Labor, materials and equipment $1,630,748
Miscellaneous $2,951
Purchased Materials and Supplies $935,884
Rented Equipment $111,915
Reported Damages
LA 10 Pointe Coupee Parish, repair $256,076
LA 975 Pointe Coupee Parish, repair $449,259
Travel $16,112
Total $3,402,945

Source: LDOTD, written communication, 2011 .

Federally Owned Structures and Infrastructure

Needed flood related repairs identified for the USACE’s Indian Bayou WMA facilities included replace-
ment of information kiosks and road rock; and repairs of trails, water wells, levees, and ranger stations at
north and south farm; and removal of culverts and debris (Michael Saucier, 2011, personal communica-
tion).

Navigation
Recreational

Recreational navigation (primarily by sport fishermen and other recreational boaters) was impeded by
rafts of water hyacinth during and following the 2011 flood. This problem was especially severe in the
upper Henderson Lake area of the Basin, where solid blockage of access from Bayou Fusilier to the lake
was documented with satellite imagery. Numerous Basin boat launches were made inaccessible due to
flood-related closing caused by high water, silt deposits accumulation and water hyacinth rafts.

Silt accumulation and hyacinth rafts were also an impediment to recreational navigation as well as ac-
cess by commercial fishermen (Figure 21 and Table 11). Log jams were also been a concern as potential
navigation hazards for recreational fishermen and other boaters. The LDWF closed a 4-mile section of
waterway between Henderson Lake and Butte La Rose in St. Martin Parish between May 26 and June
13,2011. The closure was caused by clearance issues associated with overhead power lines (Figure 22).
In addition, some closure, such as that of Doiron, Belle River and Adam’s landing facilities were extend-
ed beyond the duration of the flood due to sediment accumulation (Figures 17b and 21).

Commercial

Commercial navigation within the basin was impacted by the following closures:

(1) OlId River locks closed to barge traffic from May 12 to June 1, 2011

(2) Atchafalaya River closed to traffic (mile marker 0-117) from May 19 to June 14,2011
(3) Bayou Sorrell Lock was closed to navigation from May 23 to June 4, 2011

(4) Berwick Lock was closed to navigation from May 5 to May 30, 2011
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Industry

During the flood period navigation was restricted and locks were closed. This adversely affected busi-
nesses by limiting traffic allowances over levees, and restricting barge and river traffic, which in turn
affected deliveries of product and raw materials to and from refineries and terminals. Similarly, high
water affected some docks at terminals and refineries which became inaccessible to make or to receive
deliveries. This caused reductions in production due to the lack of storage capacity and inaccessibility
of some terminals. Similarly, reductions in production rates of the affected facilities were caused by lim-
ited access to supplies, transportation and to necessary raw materials. In addition, some refineries and
other facilities faced pipeline shut-ins, reductions in production at the refinery level, and retail facility
and road closures. The Alon Refinery in Krotz Springs was forced to operate at below capacity and/or to
shut down for a number of days. Railway speed through the Morganza Spillway was reduced during the
flood period to minimize injuries and death to Louisiana black bears.

N AR

Figure 20. Impact of the 2011 Mississippi River flood on Atchafalaya
Basin boat launches.
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Figure 21a. Belle River boat launch affected by flooding and sedimentation on
5/28/11 and 6/15/11.
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Bonnie Hedges, Bayou Pigeon and Mike Walker, LDWF

Bonnie Hedges, Bayou Pigeon and Mike Walker, LDWF



Mike Walker, LDWF

Mike Walker, LDWF

Figure 21b. Adams’ Landing boat launch affected by flooding and sedimentation
5/26/11 and 6/16/11.
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Figure 22. Closure by LDWF due to low overhead power lines.

Oil and Gas Production

The loss of shut-in oil and gas production occurred quickly after the start of the flood. Two days after
the start of the flood (May 16, 2011) the shut-in impact was already estimated at 165 wells resulting in

a loss of 3,318 barrels/day (bbls/day) of oil production, and 23.3 thousand cubic feet/day (MCF/day) of
natural gas production (Table 12). A peak shut-in of 169 wells occurred between May 18 and May 19,
2011 and later between May 31 and June 1,2011. The peak reduction of oil production was 3,823 bbls/
day, which occurred between May 31 and June 2,2011. The peak reduction of natural gas production
was 31.8 MCF/day between May 31 and June 1,2011. After June 2, 2011, the number of wells shut-in,
and the reduction in oil and gas production declined to its lowest level, with the last report issued show-
ing 88 shut-in wells, oil production at 1,787 bbls/day and natural gas production at 17.4 MCF/day on
July 27,2011. Figure 23 shows the monthly field production of oil and natural gas from the Atchafalaya
Basin. The plot shows that total oil production in the Basin was reduced by 30% during the flood and
recovered by August 2011. Total natural gas production was reduced by over half and had not recovered
to pre-flood levels by October 2011. Based on the basin production reduction and using the monthly
commodity prices the drop in oil production can be estimated at 25,437 barrels or $2,448,072, and the
drop in natural gas production at 145,122 MCF or $612,071.

During the opening of the Morganza Spillway, flooding apparently caused two relatively small releases
of oil. A storage tank collapsed near Catahoula resulting in a release of ten barrels of oil. Near Bayou
Postillion, Hilcorp reported a release of two barrels of oil (LDEQ, 2011).
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Table 12. Reported Shut-in Wells in the Basin due to Mississippi River Flood of 2011.

Date Num})er of Num})er of Shut- Shut-in production of
Producing wells in wells Petroleum (bbl/day) | Natural gas (MCF/day)
16-May-11 592 165 3696 31.1
16-May-11 592 165 3318 233
16-May-11 592 165 3318 233
17-May-11 592 165 3696 31.1
18-May-11 592 169 3778 31.6
18-May-11 592 169 3778 31.6
19-May-11 592 169 3778 31.5
20-May-11 592 167 3785 31.5
21-May-11 592 167 3785 31.5
22-May-11 592 167 3785 31.5
23-May-11 592 167 3785 31.5
24-May-11 592 167 3785 31.5
25-May-11 592 167 3785 31.5
26-May-11 592 167 3785 31.5
27-May-11 592 167 3785 31.5
28-May-11 592 167 3785 31.5
29-May-11 592 167 3785 31.5
31-May-11 592 169 3823 31.8
1-Jun-11 592 169 3823 31.8
2-Jun-11 592 168 3823 31.7
3-Jun-11 592 168 3797 31.7
5-Jun-11 592 168 3797 31.7
6-Jun-11 592 167 3758 31.7
7-Jun-11 592 162 3721 31.5
7-Jun-11 592 167 3758 31.7
8-Jun-11 592 161 3707 31.4
9-Jun-11 592 161 3707 314
15-Jun-11 592 154 3417 31.1
20-Jun-11 592 147 3192 30.7
21-Jun-11 592 144 3093 30.6
22-Jun-11 592 132 2667 29.8
27-Jun-11 592 130 2596 29.2
7-Jul-11 592 102 2308 22.5
12-Jul-11 592 93 2004 17.9
19-Jul-11 592 90 1993 17.6
27-Jul-11 592 88 1787 17.4

Source: LDNR (report were only completed between May 16 and July 27, 2011)
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Figure 23. Observed decreased oil and gas production from the Atchafalaya Basin in 2011.

Tourism and Recreation

The 2011 flood resulted in significant adverse effects on tourism and recreational opportunities in the
Atchafalaya Basin. Flood-related closures of WMASs, Atchafalaya NWR, boat launches, and reduced
fishing opportunities constituted a major interruption of access to sites offering Basin-based recreational
and tourism activities. The flood-related road damages and closures of the WMAs and NWR also pre-
vented the use of boat launches within those areas. This reduced use further impacted recreational and
tourism opportunities. Similarly, due to the duration of the flooding and based on deer mortality, the
Louisiana Wildlife and Fisheries Commission (LWFC) revised its deer hunting season for the Sherburne
and Attakapas Island WMAs. Based on the result of the fall hunting season, the USACE reported that
for the Indian Bayou WMA, there did not appear to have been a shortage of deer and that for Bayou des
Ourses WMA the decreased harvest may have been more the result of the shortened season than flood-
ing (Michael Saucier and Brian Osberghaus, 2011, personal communications).

Visitor use of the Indian Bayou and Bayou des Ourses WMAs during the month of May and June repre-
sent approximately 7% and 5%, and 5% and 4%, of the total estimated yearly attendance, respectively.
Based on the 2010 Value to the Nation Fast Facts Watershed Report for the Louisiana coastal watershed
prepared by the USACE, this would represent and economic loss that can be estimated at $384,000
(Table 13).
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Table 13. Estimated Economic Loss from the Closure of the WMAs during the flood

. Indian Bayou Bayou des Ourses .

Time Economic

. # % of # % of
Period Loss

person yearly person yearly

May 7,600 12% 1,475 5% $219,000

June 5,700 9% 1,125 4% $165,000

Total | 13,300 21% 2,600 8% $384,000

Source: USACE (http://www.corpsresults.us/recreation/fastfacts/lake .cfml?lakelID=801)

Impact to Public Health and Safety

Pre-Inundation

As indicated in Section 3.8 of this report, evacuation orders (Table 14) were declared in Iberville, St.
Landry, St. Martin and St. Mary Parishes (Figures 25-31). Iberville and St. Mary Parishes declared a
voluntary evacuation of the Basin camps. Pointe Coupee Parish issued first a voluntary evacuation fol-
lowed by a mandatory evacuation order for the areas south of U.S. Hwy 190 and Basin camps in the Old
River area (Table 14). Within the Morganza Floodway, Pointe Coupee Parish recommended self-evac-
uation. St. Landry Parish issues voluntary and mandatory evacuation orders for the cities of Melville
and Krotz Springs, both inside and outside the ring levee, as well as Three Mile Lake, North Wilder-
ness Road and areas south of U.S. Hwy 190. St. Landry’s evacuations began on May 9 and lasted until
May 31,2011. St. Martin Parish issued voluntary and mandatory evacuation orders for Butte La Rose,
Happytown, Sherburne and Basin camps. St. Martin Parish’s evacuations lasted from May 16 until June
10,2011. Avoyelles Parish declared a state of emergency on May 4, 2011 but did not issue evacuation
orders.

During Inundation

During the inundation period, it is suspected that wildlife was relocated to higher ground. LDWF issued
a news release requesting that people be mindful of displaced wildlife and avoid areas where wildlife
took refuge, as well as to avoid roadways near flooded areas. Species of concern were the Louisiana
black bear, alligators, snakes, deer and feral hogs.

During the high water period, although most of the boat launches were not usable, it remained possible
in some location to launch boats directly from the levee (Figure 21). On the north side of U.S. Hwy10
the LDWF closed part of Henderson Lake due to the low clearance (<7 feet) below a high voltage
overhead power line which provided electricity to the Atchafalaya Welcome Center and residences north
of Butte La Rose (Figure 22). The area was closed between May 15 and June 13, 2011. Similarly, the
temporary closure of several roads and highways (e.g. LA Hwy 975 and LA Hwy 3177) caused much
confusion in St. Martin Parish.
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Table 14. Evacuation Orders Declared within the Atchafalaya Basin

Parish Location Evacuation Number Start End

Iberville Basin Voluntary 5

Pointe Coupee | Morganza Floodway Self 70

Pointe Coupee | South HWY 190 Voluntary 15-18 5/11/2011

Pointe Coupee | South HWY 190 Mandatory 5/24/2011

Pointe Coupee | South HWY 190 Voluntary 5/24/2011

Pointe Coupee | Big Alabama campsites Voluntary 200 5/11/2011

Pointe Coupee | Old River campsites Voluntary 6 5/18/2011

St. Landry Livestock on/near the Mandatory 5/9/2011 | 5/15/2011
levees

St. Landry Melville Voluntary 5/9/2011 | 5/31/2011

St. Landry Melville (outside levee) Voluntary 5/9/2011 | 5/15/2011

St. Landry Melville (outside levee) Mandatory 5/15/2011 | 5/23/2011

St. Landry Melville (outside levee) Voluntary 5/23/2011 | 5/31/2011

St Landry Krotz Springs Voluntary 5/9/2011 | 5/31/2011

St Landry Krotz Spring (outside Voluntary 1682 5/9/2011 | 5/15/2011
levee)

St Landry Krotz Spring (outside Mandatory 5/15/2011 | 5/23/2011
levee)

St Landry Krotz Spring (outside Voluntary 5/23/2011 | 5/31/2011
levee)

St Landry Three Mile Lake area Voluntary 5/9/2011 | 5/15/2011

St Landry Three Mile Lake area Mandatory 5/15/2011 | 5/23/2011

St Landry Three Mile Lake area Voluntary 5/23/2011 | 5/31/2011

St Landry North Wilderness Road Voluntary 5/9/2011 | 5/15/2011

St Landry North Wilderness Road Mandatory 673 5/15/2011 | 5/23/2011

St Landry North Wilderness Road Voluntary 5/23/2011 | 5/31/2011

St Landry Area south of 190 Voluntary 5/9/2011 | 5/15/2011

St Landry Area south of 190 Mandatory 5/15/2011 | 5/23/2011

St Landry Area south of 190 Voluntary 5/23/2011 | 5/31/2011

St. Martin Butte La Rose Voluntary 728 5/16/2011 | 5/21/2011

St. Martin Butte La Rose Mandatory 728 5/21/2011 | 5/24/2011

St. Martin Butte La Rose Voluntary 728 5/24/2011 | 6/10/2011

St. Martin Basin camps Voluntary 30

St. Martin Happy Town Voluntary 121 5/16/2011 | 5/21/2011

St. Martin Happy Town Mandatory 121 5/21/2011 | 5/24/2011

St. Martin Happy Town Voluntary 121 5/24/2011 | 6/10/2011

St. Martin Sherburne area Voluntary 82 5/16/2011 | 5/21/2011

St. Martin Sherburne area Mandatory 82 5/21/2011 | 5/24/2011

St. Martin Sherburne area Voluntary 82 5/24/2011 | 6/10/2011

St. Mary Basin camps Voluntary 148

Sources: GOHSEP and parishes OHSEP
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Post- Inundation

On June 22", St Mary Parish requested the GOHSEP have special HESCO equipment provided to re-
move the HESCO Concertainers (a.k.a. baskets) from highways and ditches where they created a “public
safety issue” (Duval Arthur, mission detail to GOHSEP).

As suggested in Section 4.2, during the inundation period, wildlife relocated to higher areas, such as le-
vees, railroads, roadways, camps, and residences. LDWF requested that people be mindful of displaced
wildlife and be careful when reentering structures or when moving objects. Species of concern were
alligators and snakes.

As mentioned in Section 3.7, residences and camps equipped with water wells or hooked-up to small
local public water utilities were subject to flooding of their water supply distribution system. Cleaning
and chlorination of the well and plumbing may be necessary to reduce exposure to potential pathogens.

While the floodwater receded, it was observed that patches of invasive plant and other debris created
jams within some of the bayous. Similarly, the Atchafalaya Basin Levee District reported that scour
holes had formed downstream from the Morganza Spillway (Figure 17a).

Summary of Water Quality Sampling

Surface water quality sampling was performed at an estimated 298 sampling sites within the Basin
(Figure 32). Some of the sampling, including the LDEQ, LSU (under contract by the USACE), and the
USGS NASQUAN and synoptic station samples, were already scheduled when the flood occurred.
Others sampling sites were added as funding became available or the need was identified (e.g. in the
case of the monitoring plan developed collaboratively by LDNR’s Atchafalaya Basin Program TAG).

Surface Water
Louisiana Department of Wildlife and Fisheries

The LDWEF collected samples at 22 locations (Figure 32 and Appendix A and B) during the Atchafalaya
Basin flood event of 2011. These sites usually had field parameters measured, and the water samples
analyzed for cations, total suspended solids (TSS), nutrients, and deuterium and oxygen isotopes
(Appendix C and D).

Louisiana Department of Environmental Quality

The LDEQ collected samples at two locations (Figure 32 and Appendix A) during the Atchafalaya Basin
flood event of 2011. These sampling sites are part of their ambient water quality monitoring data
program (Appendix D).

U.S. Army Corps of Engineers

The USACE and LSU collected bi-monthly samples from the East Grand Lake, Buffalo Cove and Hen-
derson Lake areas. The program includes sampling at 113 locations (Figure 32 and Appendix A and B).
U.S. Fish and Wildlife Service

The USFWS collected field parameter measurements at 42 locations, but water samples were collected
at only 12 of these locations (Figure 32, and Appendix A and B) during the Atchafalaya Basin flood

event of 2011. Water samples were analyzed for cations, TSS, nutrients, and deuterium and oxygen
isotopes (Appendix C and D).

U.S. Geological Survey

The U.S. Geological Survey (USGS) collected data at 239 locations (Figure 32, and Appendix A and B)
during the Atchafalaya Basin flood event of 2011. Water level (stage) values were collected at 96 sites.
Field parameters were measured and samples collected for nutrients and isotope analyses at 143 loca-
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tions. At 112 sampling locations data was collected for an ongoing synoptic survey of the Basin. There
were 87 sample locations analyzed for cations, TSS, nutrients, and deuterium and oxygen isotopes (Ap-
pendix C and D). In addition, some of the samples were tested for fluorescence and total organic carbon
(TOC - Appendix D). For another subset of sites (~70) there were values of TSS were determined.

The NASQUAN program of the USGS collected samples at three locations in the Basin and two ad-
ditional locations nearby on the Mississippi River (Appendix D). In addition, the USGS collected TSS
data at two locations on the Atchafalaya River and at one location within the Morganza Floodway.

National Park Service

The National Park Service (NPS) assisted in the collection of samples in the northwestern portion of the
Basin, in collaboration with the USFWS.

National Audubon Society

The National Audubon Society assisted the USGS in the collection of synoptic survey data in the eastern
portion of the Basin, as well as collected field parameters at nine continuous monitoring stations (Ap-
pendix A).

Groundwater

During the preparation of this report, no information was available regarding groundwater sampling and
analyses within the Basin during the 2011 flood or shortly thereafter.

Summary of Water Quality Analysis

The purpose of this report, as indicated in the Introduction, is to documents the impact of the 2011 Mis-
sissippi River flood event and associated diversions onto the Atchafalaya Basin. The report compiles the
data collected by multiple agencies and researchers. The report presents a cursory data analysis. Thor-
ough data analysis and interpretation will be completed by involved researchers at LSU, Virginia Poly-
technic Institute and State University (VT), LGS and USGS independently of this report.

Field Parameters Analysis

Surface water quality sampling was performed at approximately 300 sample sites within the Basin by
seven entities: the National Audubon Society, LDEQ, LDWF, LSU, USGS, NPS and USFWS. How-
ever, only LDWF, USGS, and USFWS directly collected samples for later laboratory analysis by LGS.

The LDWEF collected field parameter results at 22 locations, measurements were taken at these sites for
turbidity, temperature, salinity, electric conductivity (EC) and DO. These measurements were made us-
ing an YSI 650 Multiparameter Display System with a 6600 V2 Multiparameter water quality sonde or
similar equipment. The USFWS collected field parameter results at 11 sites; at these sites measurements
were usually made for turbidity, temperature, EC and DO. The USGS collected field parameter results
at over 100 sites; however, only about 25 locations were sampled during each of the nine sampling
events. At these locations samples were taken 10 cm below the surface and near the bottom or at the
greatest depth possible for field meter’s cable. At these locations EC, temperatures, turbidity, pH, DO,
and chlorophyll A measurements were collected using an InSitu Troll 9500 or similar equipment.

Louisiana Department of Environmental Quality

The LDEQ, as part of their Ambient Water Quality Monitoring program, collected water temperature,
pH, salinity, DO and EC in the field.

Coastal Protection and Restoration Authority of Louisiana

The Coastal Protection and Restoration Authority (CPRA) of Louisiana did not participate in sampling
and analyses. A portion of the funding used for this report was provided by the Louisiana Coastal Area
Science and Technology Program Office through CPRA Implementation, Louisiana Applied Coastal
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Engineering and Science Division. CPRA is continuously collecting water level, water temperature, EC
and salinity at multiple sites located south of Morgan City and the Wax Lake Outlet. These sites are part
of CPRA’s Coastwide Reference Monitoring System. The data is available on the LDNR’s SONRIS
website.

Louisiana State University

LSU scientists from the Department of Renewable Natural Resources, as part of their work with the US-
ACE, measured and recorded DO, turbidity, temperature, pH, conductance, flow, vegetation coverage,
secchi depth, color and depth at their sites in the East Grand Lake, Buffalo Cove and Henderson Lake
areas.

National Audubon Society

The National Audubon Society equipped nine sites within the Basin with water quality sensors (tempera-
ture, specific conductance, salinity and depth) and/or acoustic Doppler current profilers. Their data was
collected on an hourly basis and is not included in the Report’s appendices, but will be available on the
database.

U.S. Fish and Wildlife Service

The USFWS measured and recorded turbidity, temperature, EC and DO at their sampling sites using a
variety of equipment.

U.S. Geological Survey

USGS collected field parameter results at over 100 locations using an InSitu Troll 9500. Only approxi-
mately 25 sites were repeatedly sampled during each of the nine sampling events. The USGS collected
turbidity, EC, pH, DO, and temperature measurements (Appendix B). In addition, the USGS staff from
the Baton Rouge and Lafayette offices collected synoptic data between May 30 and November 10 at ap-
proximately 70 locations. At these sites typically turbidity, EC, DO, pH, temperature, and flow velocity
and direction were measured. The variation of three parameters is very small as indicated by consistent
values and standard deviations that were a small percentage of average values: EC 1.7%, pH 2.4%,

and temperature 3.6%. The mean direction of flow’s azimuth was 149°+45.2°, had a standard deviation
of approximately 30%. Three parameters varied widely throughout the eastern Basin: DO 3.06 + 1.38
mg/L (standard deviation is 45% of mean), flow velocity 1.265 + 0.974 ft/s (standard deviation is 77% of
mean), and turbidity 24.78 + 22.22 Nephelometric Turbidity Units (NTU) (standard deviation is 90% of
mean). DO generally decreased southward away from the Morganza Spillway and towards the eastern
edge of the Basin (Figure 33). Flow velocity generally had highest values at opposite ends of the study
area, near the Morganza Spillway and near Wax Lake delta area near the southern end of the Atchafalaya
Basin (Figure 34). The turbidity values generally decreased southward away from the Morganza Spill-
way and towards the eastern edges of the Basin (Figure 35).

Influence of Depth on Measured Values

Depth of field measurement usually appeared to influence concentrations of dissolved species such as
EC, pH, Chlorophyll A, and DO (Figures 36 to 39) less than it influenced turbidity, which increased
significantly with depth (Figure 40). There was a slight increase of conductivity, which averages 0.79 +
9.85 uS/cm for deeper measurements relative to surface measurement of EC (Figure 36). This difference
was approximately 0.2% of the average EC either shallow or deep. T-test analysis of this difference
yielded a t-value of 1.09 and an insignificant statistical confidence of difference of 70.41%.

There was a slight decrease in pH, average of -0.012 + 0.072 for deeper measurements compared to
surface measurements of pH (Figure 37). This difference was approximately 0.2% of the average pH
either shallow or deep. There was a slight decrease in pH, which averages -0.012 for deeper measure-
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Figure 33. DO distribution during synoptic study of May 31 and June 2, 2011.
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ments compared to surface measurements of pH (Figure 37). However, T-test analysis of this difference
yielded a t-value of 2.32 and a significant statistical confidence of difference of 97.86%.

There was an increase of chlorophyll A (ChlA) concentration, which averages 0.57 = 1.05 mg/L for
deeper measurements compared to surface one (Figure 38). This increase was approximately 10% of the
average surface ChlA. value. T- test analysis of this difference yielded a t-value of 6.67 and a significant
statistical confidence of difference over 99.99%.

There was a decrease of DO concentration, which averaged -0.174 + 0.318 mg/L for deeper measure-
ments compared to surface measurement of DO (Figure 39). This decrease was approximately 6% of
the average surface DO value. T-test analysis of this difference yielded a t-value of 6.97 and a signifi-
cant statistical confidence of difference over 99.99%.

The deeper measurement, near the base of the water column, had a significantly higher value of turbid-
ity. The turbidity value near the base of the water column was on average 6.88 + 13.58 NTU larger than
the value at the surface (Figure 40), this increase was approximately 40%. T-test analysis of this differ-
ence yielded a t-value of 6.89 and significant statistical confidence of difference over 99.95%.

Change of Water Quality over Time

Many of the variables measured in the field changed significantly between May 19 and August 4, 2011.
Water temperature increased from an average of 21.40 + 1.04 °C to 31.14 £ 0.80 °C (Figure 41), this
difference had a t-test confidence of difference (increase) that was over 99.95%, which was considered a
significant increase. Between August 4 and September 9, 2011, the average water temperature decreased
from 31.14 + 0.80 °C to 25.81 + 1.14 °C, the lowest average temperature since June 9, 2011. This
change had a t-test confidence of difference (decrease) that was 94.36%, which was almost considered a
significant decrease, just missing the 95% criteria for significant differences.

The EC increased from an average of 284.0 + 11.7 uS/cm to 452.7 + 60.8 uS/cm (Figure 42), this sig-
nificant difference had a t-test confidence of difference (increase) that was over 99.95%. It appears that
EC increased throughout the study period to its highest values on August 4, 2011. There was an insig-
nificant decrease in average EC to 452.0 + 96.7 uS/cm (Figure 42).

The DO decreased from an average of 3.700 + 1.588 mg/L to 3.441 + 1.766 mg/L (Figure 43); this dif-
ference had a t-test confidence of difference (decrease) that was under 20%, which was considered an in-
significant change. It appears that DO values decreased between May 19 and June 16, 2011 then recov-
ered to approximately pre-existing conditions by July 7,2011. Afterward, DO concentrations remained
at roughly the same level between July 7 and August 4, 2011 (Figure 43). Lastly, between August 4 and
September 9, 2011 DO increased to generally its highest concentrations for this study (Figure 43) where
average DO concentration was 5.490 + 1.672 mg/L.

Turbidity decreased from an average of 24.50 + 32.34 NTU on May 19,2011 to 18.73 £ 17.19 NTU on
August 4, 2011 (Figure 44); this difference had a t-test confidence of difference (increase) that is under
60%, which was considered an insignificant change. Average turbidity values decreased from of 24.50 +
32.34 NTU on May 19,2011 to 5.72 + 10.15 NTU on June 16, 2011. Average turbidity values recovered
to approximately pre-existing conditions by July 7, 2011, with an average of 23.26 + 20.25 NTU (Figure
44). Lastly, there was a small decline in turbidity to an average of 16.74 £ 5.15 NTU on September 9,
2011.
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The pH increased from an average of 7.068 + 0.170 s.u. on May 19,2011 to 7.396 + 0.422 s.u. on Sep-
tember 9, 2011 (Figure 45); this difference had a t-test confidence of difference (increase) that was over
99.95%, which was considered to be a significant change. It appears that pH decrease until a low of
6.558 +0.770 s.u. on July 7, 2011, then returned to values of May 19, 2011 and continued to increase to
the latest and highest valued measured on September 9, 2011, which averaged 7.726 + 0.506 s.u.
(Figure 45).

U.S. Army Corps of Engineers

At the time of the preparation of this report no information was available regarding USACE’s analyses
within the Basin. Both LSU and USGS collected and analyzed data for the USACE during the event.

National Park Service

The NPS assisted, in collaboration with USGS and USFWS, in collecting samples, but did not perform
any analyses within the Basin.
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Figure 42. Change of the EC throughout the study between May 19 and Sept. 9, 2011. From left
to right, boxes represent samples collected on May 19, 26, June 2,9, 16, 23; July 7, 21, August 4
and Sept. 9, 2011.
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Figure 43. Change of DO concentration throughout the study between May 19 and Sept. 9, 2011 .
From left to right boxes represent samples collected on May 19, 26; June 2, 9, 16; July 7, 21,
August 4 and Sept. 9, 2011 .
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Figure 44. Change of turbidity throughout the study between May 19 and Sept. 9, 2011. From left
to right boxes represent samples collected on May 19, 26; June 2, 9, 16, July 7, 21, August 4 and
September 9.
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Figure 45. Change of pH throughout the study between May 19 and Sept.9, 2011. From left to
right boxes represent samples collected on May 19, 26; June 2, 9, 16; July 7, 21, August 4 and
September 9.

Laboratory Analysis
Louisiana Geological Survey

The water samples collected earlier by the NPS, LDWF, USGS, and USFWS (eight sets of approximate-
ly 45) were analyzed for anions in the LGS’ lab, using a Dionex ICS-1000 Ion Chromatography System.
In addition, colorimetric analysis was completed for orthophosphate by LGS staff. The samples were
also passed through a 10 micron filter to collect suspended particles. The mass of suspended particles
(i.e. TSS) was determined by gravimetric analysis. In general, the volume of sample that was filtered
ranged between 200 ml and 500 ml per sample.

For this study t-tests involving one test of data compared to no change (zero), or between two data sets
collected at different times were completed. The first set involved comparison of changes of parameter
values as function of depth. The second involved comparison of two data sets collected at different
times. These comparisons were completed using a computer program developed by Boersma (2011).

As part of this project, LGS analyzed the water samples collected for nitrate (NO,-), nitrite (NO,-),
orthophosphate (PO,*) and total suspended solids (TSS). In addition, LGS reported information for
fluoride, chloride, sulfate, and total phosphate. Several ions appear to exhibit consistent changes
through time after the start of the Atchafalaya Basin flood as a result of opening gates of the Morganza
Spillway from May 26 to July 21, 2011.

Chloride concentrations increased slowly during the flooding event. The average chloride concentration
was 9.88 + 0.55 mg/L. on May 26,2011 and increase to 13.59 + 1.08 mg/L on July 21, 2011.

T-test showed this change to be significant with a confidence of this difference over 99.95% (Figure 46).
Then chloride concentrations decreased slightly by August 4, 2011 to 9.40 + 1.54 mg/L, and then in-
creased slightly by September 9 to 12.93 + 5.80 mg/L (Figure 46).
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Figure 46. Change of chloride concentration in the Basin between May 19 and Sept. 9, 2011.
From left to right boxes represent samples collected on May 19, 26; June 2, 9, 16, 23; July 7, 21,
August 4 and September 9, 2011 .

Fluoride concentrations decreased between May 26 and June 16,2011, and then increased between June
16 and July 21, 2011 (Figure 46). The average fluoride concentration was 0.237 + 0.0.030 mg/L on May
26,2011 and decreased to 0.196 + 0.043 mg/L on July 21,2011. T-test showed this change to be signifi-
cant with a confidence of this difference over 99.95%. It appears that the concentration of fluoride was
fairly constant between July 7 and September 9, 2011 (Figure 47).

The average nitrate concentration (as NO,") was variable between a low on June 9, 2011 of 2.59 mg/L

to a high of 4.07 mg/L on July 7, 2011 (Figure 48). The average nitrate concentration was 2.85 + 1.35
on May 29,2011 and increased to 3.96 + 2.36 mg/L on July 21, 2011. T-test showed this change to be
significant with a confidence of this difference over 98.5%. The variability of nitrate concentrations was
nearly twice as large for July 21 as for June 16,2011, as indicated by standard deviations that are on
average 0.94 mg/L prior to June 16,2011 and 2.44 mg/L afterward (Figure 48). Lastly, the nitrate con-
centrations decreased between August 4, 2011 (2.61 £ 1.96 mg/L) and September 9, 2011 (1.52 +0.81
mg/L). These values were lower than at values prior to these dates (Figure 48). Nitrite concentrations
remained below the detection limit of the equipment used.

Sulfate concentrations increased between May 19 and July 21, 2011 (Figure 49). The average sulfate
concentration was 27.98 + 0.67 mg/L on May 19, 2011 and increased to 44.89 + 12.40 mg/L on July 21,
2011. T-test showed this change to be significant with a confidence of difference greater than 99.95%.
The sulfate concentration variability increased greatly as indicated by the standard deviation which
increased by a factor of 20 between May 19 and July 21,2011 (Figure 49). After July 21,2011 the av-
erage sulfate concentration remained fairly constant between 42.53 +21.91 mg/L on August 4, 2011 and
43.74 + 13.14 mg/L on September 9, 2011 (Figure 49).
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Figure 47. Change of fluoride concentration between May 19 and Sept. 9, 2011. From left to
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Figure 48. Change of nitrate concentration between May 19 and Sept. 9, 2011. From left to right
boxes represent samples collected on May 19, 26; June 2, 9, 16, 23; July 7, 21, August 4 and

September 9, 2011.
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TSS concentrations decreased between May 19 and June 23,2011 and increased between June 23 and
July 7 (Figure 50). The average TSS concentration was 88.0 £ 107.1 mg/L. on May 19,2011 and de-
creased to 43.8 + 33.5 mg/L on July 7,2011. This change was determined with use of a t-test to be
significant with a confidence of this difference over 97.5%. TSS concentrations continued to decrease to
38.3 £30.9 mg/L on July 21,2011. This change between May 19 and July 7, 2011 was determined with
use of a t-test to be significant with a confidence of difference of 98.9%. There were a small number of
sites with TSS concentrations less than 1 mg/L, but this is an increasing number of sites (Figure 51). Af-
ter July 21 the concentration of TSS decreased to a fairly constant concentration of 26.03 + 20.34 mg/L
on August 4, 23.17 £ 9.72 mg/L on September (Figure 51) and 25.10 + 12.12 mg/L on October 12.

Total phosphate concentrations experienced an early decrease between May 26 and June 2-9, 2011, and
then a slow increase to July 7, 2011, followed by a decrease thereafter (Figure 52). The average phos-
phate concentration was 1.091 + 0.044 mg/L. on May 26,2011 and decreased to 0.961 + 0.105 mg/L on
July 21, 2011. This change was determined with use of a t-test to be significant with a confidence of this
difference over 99.95%. The variability of phosphate concentrations as expressed by standard devia-
tions appears to increase during the flood event increasing from 0.044 mg/L on May 26,2011 to 0.388
mg/L July 7,2011 and then decreasing to 0.105 mg/L on July 21,2011 (Figure 53). After July 21,2011
the concentration of phosphate decreased greatly for August 4 and September 9, 2011 (Figure 53).

It appears that nutrients (nitrate and phosphate) concentrations remained overall fairly steady, but the
variation across the Basin increased during the flood event as indicated by increasing standard deviations
indicative of locations with low concentration increasing slowly through time and high concentration
increasing more quickly through time (Figures 52 and 53).

This change of nutrients was not uniform across the basin; for example, the increase in orthophosphate
varied across the Basin (Figure 54). Increases tended to be highest in the northern portion of the Basin
and decreased southward, and the scale of the increase decreased from east to west across the Basin
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Figure 49. Change of sulfate concentration between May 19 and Sept. 9, 2011. From left to right
boxes represent samples collected on May 19, 26; June 2, 9, 16, 23; July 7, 21, August 4 and
September 9, 2011 .
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Figure 50. Change of total suspended solids concentrations between May 19 and Sept. 9, 2011.
From left to right boxes represent samples collected on May 19, 26; June 2,9, 16, 23; July 7, 21,
August 4 and September 9, 2011 .
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Figure 52. Change of phosphate concentration between May 19 and Sept. 9, 2011. From left to
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(Figure 54). Change in sulfate concentration tended to decrease towards the center of the Basin and
from north to south (Figure 55).

Louisiana Department of Environmental Quality

The LDEQ as part of their statewide water quality monitoring network analyzed water quality samples
collected from the Atchafalaya River at Morgan City and the West Atchafalaya Borrow Pit Canal north-
east of Breaux Bridge for selected metals, volatile organic compounds (VOCs), anions and fecal coli-
forms (Appendix D).

Louisiana Department of Health and Hospitals

LDHH did report analyses performed on samples collected on several water systems located within the
basin (Appendix D). The analyses performed were VOCs.

Louisiana State University

Surface water samples were analyzed at LSU by the following researchers: Dr. John White in the De-
partment of Oceanography and Coastal Sciences is performing nutrient analyses on the samples col-
lected for the ABP. Dr. John White data is presented in Appendix D. In addition, Dr. Richard Keim in
the School of Renewable Natural Resources and Dr. Robert Cook of the Department of Chemistry also
performed analyses on some of the water samples (Appendix D).

Department of Oceanography and Coastal Sciences

Three main variables were analyzed by this laboratory: soluble reactive phosphate (SRP), total nitrite
and nitrate and ammonia. SRP is expressed in concentrations of phosphorous. Total nitrate and nitrite
is expressed in concentrations of nitrogen (NO,+NO,-N). The SRP concentration appears to decline
slightly between May 19 and June 2 (Figure 56). However, the variability displayed increased signifi-
cantly as shown by increasing length boxes and whiskers plot (Figure 56). These results were similar to
phosphate results within Figure 52. Only a small fraction (approximately 3%) of phosphate, which had
a median of approximately 1 mg/L, was in the form of SRP, which had a median of approximately 0.01
mg/L (Figure 56).

The concentration of total nitrate and nitrite (Figure 57) appears to trend in a similar manner as nitrate
(Figure 48). Both display a general decrease between May 19 and June 9, 2011. In addition, both yield
similar values of approximately 3 to 4 mg/L as nitrate equivalent. This indicates that nitrate was far
more abundant than nitrite within Atchafalaya Basin waters.

The ammonia concentration measured for May 26, 2011 samples was below detectable concentrations
(44 of the 47 samples analyzed). Therefore, only a small amount of nitrogen appears to be tied up as
ammonia. This observation indicates that sheet flow type conditions, exhibiting limited vertical mixing,
may have existed in the Basin.

Department of Chemistry

Dr. Robert Cook of the Department of Chemistry performed fluorescence and total organic carbon
(TOC) analyses on selected samples collected in the Basin (Appendix D). The TOC data was not avail-
able at the time this report was prepared. Fluorescence analysis was performed using an absorbance at
254nm. This absorbance is indicative in this case of the presence of more aromatic natural organic mat-
ter (NOM)), this is probably due to more dissolved organic matter rather than more aromatic dissolved
organic carbon (DOC).

Department of Renewable Natural Resources

Dr. Richard Keim of the Department of Renewable Natural Resources performed deuterium (*H) and
oxygen (*O-%0) isotope analyses on selected samples (Appendix D). Naturally-occurring, stable
isotopes of water (**O and *H) are useful as tracers of water flowpaths because variation in the evapora-
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Figure 54. Change of orthophosphate concentration between May 26 and July 7, 2011 .
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tion and precipitation history of natural waters causes natural variations in the concentrations of these
isotopes. The objectives in this work were to use stable isotopes to trace the mixing of Mississippi River
water with pre-existing water in the Atchafalaya Basin. Dr Keim'’s laboratory analyzed water samples
for stable isotope using the following methodology: Water samples were collected approximately six
inches below the water surface and stored in 20 ml glass scintillation vials with zero head space. Be-
cause no air is present in the sealed sample, fractionation of the liquid sample is prevented. Further,

caps were kept on the sample bottles until the target depth was reached and then each sample was sealed
while still at depth to ensure consistency in collected waters. Samples were returned to the lab and stored
in the dark while awaiting analysis.

Stable isotope analysis for 80 and Deuterium was conducted using an LGR (Los Gatos Research) liquid
water isotope analyzer with autosampler attachement (see LGR 2008 for details). A small amount of
each sample was filtered using a 0.45 micron syringe, and approximately 1 ml was loaded per sample
into standard autosampler vials with silicon septa. Six replicate measurements were performed for each
sample, and the reported isotopic ratios from absorption spectra were used to calculate values of 6'*0
and &”H based on known laboratory standards, which are measured in line with the field samples. The
first two measurements for each sample are ignored and reported values are calculated as an average of
the last four measurements for each sample, thus eliminating any cross-sample contamination.

Virginia Polytechnic Institute and State University

Dr. Scott Durelle of the Department of Biological Systems Engineering at Virginia Polytechnic Insti-
tute and State University (VT) performed deuterium (2H) and oxygen (180-160) isotope analyses. In
addition, he also tested some samples collected in the Basin for non-purgeable organic carbon (NPOC),
total dissolved nitrogen (TDN), ammonia, nitrate, phosphate and sulfate analyses (Appendix D). Iso-
tope analyses were performed on VT Hydroecology Lab’s Picarro Isotope Analyzer using the cavity
ring down mass spectrometry method. NPOC and TDN analyses were performed on filtered samples
(0.45 uL) using VT Hydroecology Lab’s Shimadzu TOC-V CPH which uses high temperature oxidative
combustion infrared analysis and chemiluminescence methods. Dissolved nutrients analyses were per-
formed on filtered samples (0.45 uL) using VT Hydroecology Lab’s SEAL Analytical AA3 which uses a
segmented flow analyzer. Other anions analyses were performed on filtered samples (0.45 L) using VT
Hydroecology Lab’s Dionex ion chromatograph ICS 3000.

Tulane University

Dr. Alex Kohler of the Department of Earth and Environmental Sciences at Tulane University performed
TSS analyses on samples collected during the synoptic surveys done by the USGS in the eastern portion
of the Atchafalaya Basin (Appendix B).

U.S. Geological Survey

The USGS as part of their National Stream Quality Accounting Network (NASQUAN) program ana-
lyzed water samples collected at six locations within and at the edge of the Basin for dissolved nitrite
plus nitrate, total organic nitrogen plus ammonia nitrogen [total Kjeldahl nitrogen (TKN)], dissolved
ammonia, total phosphorus, dissolved orthophosphate, and dissolved silica). In addition the program
also analyzed samples for other anions, cations, metals, pesticides and organic compounds. Selected
NASQUAN data is presented in Appendix D. Other analyzes are available on the USGS NASQUAN
website.
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Summary of Water Level and Discharge Measurements

Water Level Measurements

U.S. Geological Survey

The USGS, in collaboration with LSU and the USACE installed 96 pressure transducers within the
Basin (Figure 58). In addition, the USGS has 15 gaging stations within the basin and an additional 13 in
collaboration with the USACE within the Basin (Figure 59 and Appendix E). Information from several
pressure transducers was not available from the USGS at the time this report was prepared. Additional
data may be contained in the database if made available by the USGS prior to the time the database CD
is prepared.

Army Corps of Engineers

The U.S. Army Corps of Engineers operates 27 stage gaging stations in the Basin and an additional; 13
stations in collaboration with the USGS (Figure 59 and Appendix E).

National Audubon Society

The National Audubon Society has nine sites equipped with water quality sensors and/or acoustic Dop-
pler current profilers. The hourly data is not included in the Appendices, but is available in the database.

Discharge Measurement

U.S. Geological Survey

The USGS operates 15 gaging stations within the basin, and an additional 13 in collaboration with the
USACE within the Basin (Figure 59). Discharge is measured at 5 of the gaging stations.

U.S. Army Corps of Engineers

The USACE does not measure discharge at any of its 31 stage gaging stations (Appendix D), with the
exception of the Simmesport station monitored in collaboration with the USGS.

Summary of Aquatic Life Sampling (fish Kill records, electro-fishing results)

Mike Walker (LDWF) on July 11,2011 reported a fish kill in Henderson Lake. The kill included hun-
dreds of thousands of threadfin shad, a few thousand freshwater drum, and hundreds to maybe thousands
of largemouth bass. In addition, smaller numbers of crappie, bluegill and other species were killed. The
fish were observed first in the southern part of the lake at various boat landings. A fish kill involving
thousands of fish was reported for drain that runs into the river below Butte La Rose. In addition, there
was a report of thousands of fish killed in the Cow Island Lake area (Mike Walker, personal communica-
tion, 2011).

72



'Wast Feliciana

Enst Faliciana

East Baton Rouge

/_"Paemshn

lI

lI

1 Assumnglion

Nermalion |'| .
\ Ny
!
T —— : )_\

Legend ' ’ T
[ Atchataiayzpasin Rt
@ 'Water Levels Measurement Points 2

Figure 58. Location map of temporary water level monitoring stations within the Basin (the background satellite
imagery is from the May 18th Landsat7.

L

73

14 21
[ e JNIEH
%



_/
N
{ 4
e
-"I et Feliciona {1
[ o
{ 7 East Fellcdana
o
/ ¢
! %
- i _“\
Pointe Coupee
- 5
East Baton Rouge
"Fl\-_\. " -—’—-—'
a2 )
.-'-"" S ."_"‘-"'J-. -
s 3
& Y S
=3 ~ Y x
\ R A
. i
1 ¥
5 /
lk - ‘II"
o /
Lafayeits i /
:,__'3"‘.-—"‘1 .l"
‘3 ! Astension
P
I #
h'\l l."l
B == Lr" e
. ! A -
""'\--._\H IJ' ‘JJ,--—'
L]
|
L ]
1
4 Azauimgtian
1
b
Legend -
—
Y
Atchafalaya Basin gages b
i
Agency 4
St mary }
® USACE 9
e |
® USACE/USGS = >
. UsGs | Tglr';nonna

Figure 59. Location map of the gaging stations within the Atchafalaya Basin (the background satellite imagery is
from the May 18th Landsat7).

74



Data Archival

The scientific and geographic data presented in this report are included on a compact disk in the form of
a Microsoft Excel and Microsoft Access databases, and geographic information system (GIS) shapefiles.
In addition, to this data, data collected at a frequency greater than daily and data that became available
after this report was finalized, but before the database was completed was also included on the CD. The
database was a collaborative effort by LDNR, LGS, LSU and VT.

Summary

As indicated earlier this report documents the impact of the 2011 Mississippi River flood event and asso-
ciated diversions onto the Atchafalaya Basin of Louisiana (Figure 1). It is an archive of the information
collected and made available to the authors and collaborators during the preparation of this report. The
number of analyses collected is summarized on Table 15.

Table 15. Summary of Analytical Data Collected

= @R 0 1 < ) O el O|s )
T | Q o | O(EZ| B [=E = 2|18 £ 2| 5
Number of S22 83 |88z L,)Sé'a FEHE Z| 2
= ) 7 5 Lo Qlala |20 o2 2|3 ]
= =} < 7 7 7 @ “2 |z E
z. hET IS - NS = >
Sampling sites 298 11| 127 6 | I 27 113 8
Gaging sites 179 49 124 6
Field parameter 1} 5, 100 | 351 76| 4 294 639
measurements
Nutrients analyses 1154 76 4 486 | 469 119
Cations analyses 668 76 4 469 119
Isotope analyses 560 402 158
VOC analyses 9 41 5
Other analyses 128 76 4 48
TSS analyses 297 297
Fluorescence analyses | 596 144 452
Synoptic measurements | 333 333

Although many aspects of the economic impact of the flood on the Basin cannot be estimated due to the
lack of available information, using the data collected from various agencies, parishes and individuals
(Table 16), the known impact can be estimated at over $56,000,000.
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Table 16. Summary of Economic Impact Data Collected

Economic Sector Agency/Stakeholder Impact to Economic Impact
Agriculture LSU-Ag Crop and livestock $44,969,387
Wildlife LDWF Black bear and Deer $870,000
Fisheries Unknown
Infrastructure LDWF Repairs at WMAs $93,200
Infrastructure LDOTD Response and repairs $3,402,945
Infrastructure St Mary Parish Repair boat launches $3,000,000
Infrastructure Private Repair boat launches $583,715
Infrastructure Private Homes and camps Unknown
Crude Oil Production Private Shut-in production $2.448,072
Natural Gas Production | Private Shut-in production $612,071
Tourism USACE WMAs $384,000
Industrial Production Unknown
Navigation Unknown

Total $56,363,390

76




References

Anonymous, 2011, Wildlife Response to Mississippi River Flood: Louisiana Natural Resources News, v. 7, no., p1.

George, S. and Killgore, J., 2011, Potential entrainment of pallid sturgeon through the Morganza Floodway: Report by the
USACE’s ERDC Fish Ecology Team dated July 24, 2011, pp. 19.

Guidry, K., Update estimates of the impacts to agriculture from Mississippi River flooding: LSU AgCenter Press release dated
June 24, 2011.

Gulf South Research Institute (GSRI), 1973, Flood of *73 Post-Flood Report. Fish and Wildlife Supplement; Report prepared
for the Department of the Army Corp of Engineers New Orleans District, 96 p. plus appendices.

Irwin, Sam, 2011, Drought, not flood is agricultures biggest concern: Louisiana Department of Agriculture and Forestry Press
release June 23, 2011.

Los Gatos Research, 2008. Liquid-Water Isotope Analyzer: Automated Injection. Los Gatos Research, Mountain View, CA, 70p.
Louisiana Department of Environmental Quality, 2011, ESF-10 Coordination Calls: unpublished power point, 3p.

Louisiana Department of Wildlife and Fisheries, 2011c LWFC Approves Revised 2011-2012 Deer Hunting Season Dates for Por-
tions of Atchafalaya Basin due to Spring Flood impact: http:/www.wlf louisiana.gov/print/34297 accessed on July 28,2011.

Louisiana Department of Wildlife and Fisheries, 2011b, L.D.W.F. Reopening Wildlife Management Areas as Flood Waters
Recede: http://www.wlf louisiana.gov/print/34277 accessed on July 28, 2011

Louisiana Department of Wildlife and Fisheries, 2011a, Louisiana Department of Wildlife and Fisheries Announces Closures
for State Wildlife Management Areas in the Mississippi Alluvial Valley: http://www.wlf.louisiana.gov/print/34149 accessed
on July 28,2011

Love, Orian, 2011, Mississippi River towns prepare for flood: http://weatherineastiowa.com/2011/03/mississippi-river-towns-
prepare-for-flood/ accessed July 30,2011.

Moore, Read, 2011, Lower Mississippi River Up Next for Historical Flooding: World Weather Post, July 30,2011

Oblack,Rachelle,2011,Mississippi Floods the 2011 100-Year Flooding: http://weather.about.com/od/Flood_Disasters_by_State/a/
Mississipp-Floods.htm accessed July 30, 2011.

Strain, Mike, 2011, Impact of Crops and Livestock due to Morganza Spillway flooding of 2011: Louisiana Agriculture and
Forestry press release on May 10,2011.

The Christian Science Monitor, 2011, Record-breaking floods force engineers to blow up Mississippi River levee: May 2,2011

The Times-Picayune, 2011, High Mississippi River water disrupts river traffic, empties corps’ dredging budget, delays hurricane
levees: The Times Picayune, May 17,2011.

U.S. Army Corps of Engineers, 2011a, Monganza Flood Way Operation Information: http://www.mvn.usace.army.mil/bcarre/
morganza.asp accessed on July 23, 2011.

U.S. Army Corps of Engineers, 2011b, Realtime and Historic stage data collected: http;//www.mvn.usace.army.mil/ accessed
on July 23,2011.

U.S. Army Corps of Engineers, 2011c, Water Levels of Rivers and Lake: RiverGages.com accessed on July 28,2011.

U.S. Army Corps of Engineers, 2011d, Current Information of 2011 Flood Fight: http://www.mvn.usace.army.mil/bcarre/miss-
river.asp accessed on July 18,2011.

WAFB .com, 2011, Only 7 bays remain open at Morganza Spillway: http:/www.wafb.com/story/14846370/only-7-bays-remain-
open-at-morganza-spillway accessed on July 23,2011.

Wisniewski, Mary, 2011, Heavy rains cause Mississippi River rise in Iowa: http://www.publicbroadcasting.net/wium/news.
newsmain/article/02/1834348/US/ accessed July 30, 2011.

77



Acknowledgements

This report was prepared by the Louisiana Geological Survey with the assistance of the Atchafalaya
Basin Program of the Louisiana Department of Natural Resources, and under DNR contract 2045-11-
01 with funding provided by the Coastal Protection and Restoration Authority of Louisiana through the
LCA Science & Technology Program Office, a cost-share effort between the State and USACE.

The authors would like to give recognition and credit to the following individuals, stakeholders and
agencies that provided assistance in the collection of samples, collection of data, analyses, preparation of
this report and/or shared their data to make this report as complete as possible:

Agency Individuals

Atchafalaya Basin Levee District

Iberville Parish

Iberia Parish

LA Department of Agriculture and Forestry

LA Department of Transportation and Development
LA Department of Environmental Quality

LA Department of Health and Hospitals

Louisiana Department of Wildlife and Fisheries Mike Walker

Louisiana State University Prof. Richard Keim, Brandon Edwards,
Prof. John White, Prof Robert Cook

The National Audubon Society Paul Kemp

St. Landry Parish
St. Martin Parish
St. Mary Parish
Tulane University

U.S. Army Corps of Engineers Yvonne Allen

U.S. Fish and Wildlife Service David Walther

U.S. National Park Service

U.S. Geological Survey Dan Kroes, Richard Day, Ben McGee
Virginia Tech University Prof. Scott Durelle, Nathan Jones

78



Appendix A
Data Collecting Locations

79



YrTT 16 SLIL'6T (1seg) (V1) 00T JOIMIdE 1Y IOATY BAR[EJRYIIY 10MO] S9LE HOVSN
0098°06- €11L°6C uosy sosn 10a
OPLET6- | ¥HOL'6T V7T “1ewn(e) e 2180 Poo[ PWn[E) JO J YO, NoAeg SP6ST8EL sosn
6TLE 16 #0L'6C V7T ‘Jewn|e)) e a1e0) Poo[f JPuWn[e) Jo A\ Y231, nokeg 078S8EL sosn
0SLET6- | 0669°6T uosy sosn 1d
0SLET6- | 0669°6T uosy sosn ord
6TLET6™ | 0869°6C V1 ‘Punie) 18 19[nQ0 T Xem 06ST8€L SDSN/AIVSN
TE€9°06- | 8769°6C uosy sosn Lod
611T16- | 8T69°6C V1 ‘A1) UBSIOIN 18 10ATY BAR[RJEYOTY JOMO'] 009T8€L SDSN/AIVSN
19L1°16 1€89°6T (asom) (V1) 3007 jnoog nokeg 1 (MMI) Jnoog nokeg 00+9L HOVSN
9€LT 16 1€89°6T (1seq) (V1) 3007 Jnoog nokeq 1v (AMMI) Jnoog nokegq 09€9L HOVSN
666016~ | TILY6T uosy sosn €00
1001°16- | TIL96T uosy sosn gc00
0TLY 16 | $099°6T uosy sosn S00
WOET6- | v6v9'6C V1K) UBSION JO S €01 oW 18 AID 207918¢L sosn
SE16°06- | TLTY'6T uosy sosn z0d
TEPS16- | 6965 6T V71 ‘Sutpue] soyn' 1e Aeg dydurd 2100 Iseq (H0D) SE8SREL sosn
I€PS°16- | 196567 V71 ‘Sutpuer] s, o3 1y Aeg dyoue[q 2100 1seq 00888 qOVSN
ST6L06- | 809567 uosy sosn ge0a
ST6L06- | 809567 uosy sosn €0a
LYPT16- | LISS'6C (V1) o3eT Avg 100Mg MO[Og IOARY BAR[EIRYIIY JoMO] 08¢ qOVSN
€407 06" SEVS 6T uosy sosn 90d
9sEr’ 16 | 00¥S 6T V7T 1oWn(e) Iu J9[IQ d3ET XEA 18 [QUUEY) JE0qMAI) ST6STREL sosn
Y6rT 16 €€€5°6T "B ‘A1) UBSIOJA JO YINOS JOINY) PUES] BOOAY 10$918€L sosn
6E16- | L6TS6C V7T “OIST [0 1V ANUIDIA J0[INQ) o] XeM 0€8¢ qOVSN
6vSS°06- | LISt6C uosy sosn soa
879T16- | thLY'6C (V1) pue[s] 109 1V noAeg punoy 058¢ 4OVSN
1I¥€16- | 80SY'6T (V1) puels] ouadng 1eoN Aeg] eAe[ejeyory 05588 qOVSN
S00L 06" 10€4°6C uojsy sosn v0d
L18E 16 T6LE6T (V1) puefs ouaSny 1y Aeq eAe[ejeyory 00988 HOVSN
818€'16 16L£°6C pues] aua3ng e Aeq eAe[ejeyory #SOT8EL sosn
Yoy 16- | ¥1L0°6T (V1) 21mdnng [01U00) 1SOA 3BT XEA 1V AeMIdIEA [EISE0dRIIU] 0959L 40VSn

Suog i1 | uondrsaqq #uoqupny | #4DVSN #$98n £Huadeqng LHuady #9NS

suone)S suiges) Jo sy "IV IqeL

80



159€°16 1568°6C uoysny sosn 01
LSPP 16~ | LT68°6T V7T ‘UOJUSIEYD) TeaU JUI0J SPIKN Jeau ssed 1091y 0STSI18€EL SDSN/AOVSN
STSO' 16 1858°6C uoysny sosn 80
LIET 16 1658°6C n&q >10§ 51q a3noy uoyeg sDsn
LIETI6 | 8¥S8°6C uoysny sosn 813
PPLE 16 £6£8°6T uoysny sosn 11
07816~ | 06£8°6C ey jurod anjq a3noy uoyeg sDsN
611€16 $9€8°6C e }on( Jo yuoN Suo nokeg o[nry 00€¥8116011056T sosn
€16~ | 95€8°6C uojsny sosn 83
20I€16 €5€8°6C e[ yonp jo N Suof nkq a3noy uoyeg sDsN
95¥S16- | 8818°6C uojsny sosn 900
w8r116 1518°6C uoysny sosn 200
6117'16- | L608'6T (V1) 2Imonng [0nu0) 9A0qY e  AIA XIS 0€9¢ qovsn
€P81°16- | T908'6T MMID 18 [o1108 &g 1] a3noy uoyeg sosn
S0ETT6- | 9508°6T 310§ Sig 1e [a1108 nkq AN a3noy uoyeg sosn
66CT16- | TS08'6T uoysny sosn 613
8T0F'16- | T66L'6T (V1) 2amgonng [onuo) 3O weansdn oeT oIA XIS [43]3 qovsn
8T0F' 16 SL6L 6T (V1) 21mpdnng [01u0) JO Weansumo( e dIA XIS v€9¢ qovsn
0SLT'16 796L6T (VD) (uogry 1od - A1) UBSION) MMID WPIA I0f IV [110S nokeg o[nI'y STL6Y qOVsn
9SLT'16 SS6L 6T uojsny sosn v
TLLT16- | 8F6L6T [a1108 n&q a3noy uoyeq sosn
€8LT 16" €€6L6T [01108 NOAEE S[NI'] JE SSEJ UBILIDWY 00TH9T1609€L16T sosn
LT 16 €€6L6T uojsny sosn 63
YTTS 16 198L°6C uojsny sosn 4604
0€TS 16" €68L°6T uojsny sosn 604
12L116 S69L6T uojsny sosn 904
176€°16- | 0¥9L'6T uojsny sosn 00
1€6€16- | 9€9L°6C VT “9[[IAUNPISA IBON OXeT J[IA XIS SP9¢ qovsn
896716~ | 0FSL'6T uojsny sosn L04
LYTT 16 YISL'6T (4s9p) (V1) 00T HOIMIDE 1V JOATY eAR[EJRYOIY 10MO] 0SL€E qOVsn

Suory 1| uondLasaq #uoqnpny | # HOVSN #S$98n Kduageqng KHuady #s
0TSH'16- | 00vL'6T uoysny sosn 804
LY61'16- | LSTL'6T uoysny sosn 4023
8¥61°16- | ¥STL6T I0SUs 0I18q a3noy uoyeg sosn

Suog i1 | uopdisaq #uoqnpny | #HDVSN #S9sn £Huadeqng LHuady #9NS

81



T665'16- | TS80°0€ uosy sosn >
Y665 16- | TS80°0¢ Aquep a3noy uoyeq sosn
8STS16- | $9L0°0€ (V1) 940D aUBYHY00I) TeON o3 PUBl) JO WY L616% 4OVsn
€0T9'16- | 0SLO0E (V1) nokeg puein MO IV (SMA) TdIVM S616% 4OVsN
TE8TI6- | 91L0°0€E uosy sosn Y04
¥809'16- | L190°0€ uojsy sosn qce
9809°'16- | 9190°0¢ zlosudsoreq agnoy uoyeq sosn
TL9CT6- | 0LSO0E n£q ssoro a3noy uojeq sosn
9L9€'16- | 8SS0°0€ uosy sosn 93
€€ESTI6- | €€50°0€ 9A0)) dUAYD) YOOI JBAU dXe'] PUBLD) JO WY 0000TE160T1£00€ sosn
8SSH'16- | 98£0°0€ (V1) 10014D 9e] MOJog SSed 120q[a03 S19¢ 4OVsN
6LSY'16- | 8LEO0E 180q [99% agnoy uoyeq sosn
€LSY16- | SLEO'OE uosy sosn 1
0811°16 1210°0€ uosy sosn 100
1STS16- | S€86'6C V'] ‘UOJURIRYD) IedU PUB[S] PUNOY JE 9A0D) Ofejng L9S18EL SDSN/A0VSN
101T16- | 9¥96'6T uosy sosn 4504
0ITI6- | 9796'6C uosy sosn S04
899T°16- | 06v6'6T IoALL P[0 a3noy uojeq sosn
8Y9T 16~ | S9r6'6C uosy sosn 40|
L6ST16- | $9v6'6T | (VD) (uo[y 1od - A1) UBSION) MMID Pism uondunf 1y (SMA) 1A PO SY96% HOVSN
80T€ 16 1€16'6C Suo nokeq Je uo nokeg 3104 APPIA 00ST61160LYHS6T sosn
90TE'16- | 8116°6T 310§ opprwt o8noy uojeq sosn
90T 16~ | LII66T uosy sosn L
8S1T' 16" 1606°6T VT ‘Mg dLold Teal ()L AMH JE 10ATY] o[]og PSPI8EL sosn
8LIT16- | #906'6T V'] ‘SSed OLIdI] LN ABMIBJEAN [RISEOORIU] 0696% HOVSN
6£TS16- | 9506'6T V'] ‘UOJuRIRYD) Y O)e] pueiD sss¢ HOVSN

Suorp e uondrsaq #uoqupny | #4DVSN #$9sn £Huddeqng £Huady #oNS
00TS°16- | TT06'6T (V1) 21€8po0[{ uojuLIEYD) 1Y dYE] PUBID 05S€ HOVSN
Y6IS16- | 61066T uojsy sosn L0D
8615’16~ | 9106'6C uojsy sosn a¢0d
8615’16~ | 9106'6C uojsy sosn €09
861516~ | 9106'6C uojsy sosn €09
8Y9€16- | €L68°6C pueis Jsey Jo pus 'S a3noy uojeg sosn

Suog 1| uondrnsa(q #uoqnpny | #HDVSN #SD8n £>uadeqng £Huady #oNS

82



919L'16- | 6TLEOE Iorjosny nokeq a8noy uojeq sosn
Y6116 769€°0¢€ (01-1 M02g) VT ‘Yewey 1eaN (SMA) 3d sorog Tdava Twser qOVSNn
1S€9'16- | 989€°0¢€ uojsny sosn 904
LITL'16 19%€°0€ V1 ‘BABIEJEYIIY 1V JOATY BABIEJEYOIY 060¢€ 4ovsn
STEL'T6- | 68€£70€ V1 ‘UOSIOPUSH 1eaUl ()] 3 Bq[od oNeT 00LSE¥16002020€ sosn
112S'16- | 8I€€0€ uojsny sosn 60€
SL8L16" €87€°0€ VT u0[D 1V (SMA) TddVM 0T16h qOVSNn
LSEL'T6- | TT8TOE a3ptiq uoojuod a3noy uojeq sosn
95€L'T6- | 618T0€ V71 “0s01eT apng Ieal [eue)) a5pLig uoojuod 00807 160S$910€ sosn
LSEL'T6- | 8I8TOE uojsy sosn @
8989'16- | 918T°0¢ V7T 080y BT aNng Je 10ATY BAB[RJEYOIY SISI8EL $DSN/ADVSN
059S°16- 90tT°0¢ (V1) 10Ary puern 1oddn mojeg In) sesu[, pulfg SIge qOVSn
9566’16~ | 6SE€TOE pueis 1oddn a8noy uojeq sosn
I7SS°16- | $SETOE uosy NIy L1
9869°16- €€€T0€ (V1) 10189 nokeq 1 (S ) 31d Mo110g TdGVM 0S16% qOVsn
SIEy 16 67€T0€ pueis soddn @) mMID 23noy uojeq sosn
01Er' 16 | 9TETOE uosy sosn 913
€ETY 16 85TT0E (VD) oM@ 3V (SMA) 1eary puern seddn 0LS6¥ qovsn
€885'16- LYTTOE (V1) Suo axe 3y adwoy e nokeg 01ze qovsn
184516 | TL9TOE VT “O[[IANEaI0 ] Jedu [eue) outfadid Jo § 0s0IeT g 001+¥€160T0010€ sosn
6vSE16- | 8K91°0€ uopsny $HsSN SIM
6SS€'16- | L¥9T°0E MMI3 a8noy uojeq sosn
81€€°16 §SS1°0€ VT ‘[0S NOARE 18 IOARY PUBID) 10MO'] 0SPI8€EL sosn

Suorg ey uondiidsa(q #uoqnpny | # HOVSN #S08n £>uadeqng KHuady # NS
STTE16- 00€1°0€ (V1) ¥007T [om0g nokeq 1 (SM.) 31d Mouog TdgVH 0€961 qoVsn
T69%'16- | LOTI'0E uosy sosn €1
£909°16- €0T1°0¢€ V1 “o[1aneaio | reau Qe nokeq Jo 'N nokeq neog 00%79€160€1L00€ sosn
L69Y 16 20T1°0€ [o110s n&q a3noy uojeq sosn
6909'16- | TOTI'0E uosy sosn 3
SLO9'T6- | 08T1°0€ neaq a8noy uojeq sosn
198€°16- | L901°0€ Aydmu a8noy uojeq sosn
¥S8ET6- | 9901°0€ V1 ‘[oui0§ nofeg reou oxerT Aydmpy €965 18€L sosn
¥$8€16- $901°0¢ uosny $OsSN o
6865'16- £680°0¢€ D Juiod dssnef dxe] Jeou Aqie( nokeq 009SSE160L0S00€ sosn

Suog i1 | uopdisaq #uoqnpny | #HDVSN #S9sn £Huddeqng LHuady #9NS

83



1919'16- TTLL0€E o3en) Arelodwia], Kempoo[| eZueSION 18 Aeg [Ie], 00859€160919%0€ sosn
1S19°16- | SOLL'OE uosy sosn q01v
069916~ | 9LELOE uosy sosn 0V
061L°16- | 69€L°0€ uosy sosn 0V
9LL9'16- | 80EL0E uosy sosn 10V
€EEL16- | 68TLOE amonng o5eurel(] 2dno) AJuI0d 9A0QY dydrudleT nokeg 0060% qOVSN
1€€L°16- | 98TL0E amonng o3eurel(] 2dno) U0 Mo[og dydrudleT nokeg 00S€t HOVSN
951616 111L°0€ VI uIngIoys 1v (SMd) nokeq eweqely 00+6% 4OVsN
0LLT6- | 8T69°0€ uosy sosn 80V
LSILT6™ | ¥889°0€ uosy sosn POV
S1S9'16- | SI€9°0€ uosy sosn 90V
0TTL'16 1229°0¢ uosy sosn SOV
8L69'16 1855°0€ uosy sosn LOV
696916 6€5SS°0€ o8en Arerodwag, 061 AMH 1e AemPOO[ eZUBSION 0067 1#1607T1€€0E sOsn
LY98'16- | 1SS 0E V1 ‘Med[qeIno) 1y (SM.A) duuoqre( sig 00£9% HOVSN
065816 | 96vS°0¢€ uosy sosn 104
YO6L 16~ | 60¥S0€ uosy sosn 60V
YTrL 16 | LOYS'OE uosy sosn qacod
v9S8°16- | €5£5°0¢€ VT Med[qepno) 1eaN (SMd) 3d MoLog Tdd VA SLE9Y HOVSN
LIVL'T16- | €5€5°0€ V1 ‘ssunidg z)ory 1y 1oAYy eAe[ejeyolY SLOE HOVSN
Suop 1| uondrsaq #uoqupny | #4DVSN #$9sn £Huddeqng £Huady #9NS
9568'16- | 8TES0E (VD) [1epy SUIAY ISOMYINOS TeON [QUUBYD) JO[INQ NES[qEIN0)) NoKey 0SL9% HOVSN
010L'16- | €L6¥°0€ uojsy sosn vod
111816 198%°0€ V1 ‘sutidg zjory| 1eoN 9yo0p10,] nokeg SSTov HOVSN
€595 16- | 959t°0€ uojsy sosn 80d
€99L°16- | €¥9F0€ uojsy sosn 4204
€99L°16- | 8£9H°0€ uojsy sosn z0d
€99L°16- | 809%°0€ uojsy sosn 204
Ws816- | 6LTYOE uojsy sosn 10d
P69 16 | 9SIH0€ uosy sosn sod
6TIS 16 110t°0€ uosy sosn L0d
£999'16- 1€6€°0€ (V1) peoH mojag [ouuey) 101d Aeg Koysiyp 0rze 4OVsN
1€8L°16- | 688€°0¢ V'] ‘uosIopud reou sdwems oy) Jo 1o1jisn,g nokeg 006S9t1600TETOE sOsnN
865L'16 I7LE°0€ uojsy sosn 9]
Suog i1 | uondrnsa(q #uoqnpny | #HDVSN #SD8n £Huadeqng £Huady #oNS

84



SL69'T6 | #P0S0€ V1 °0mo 1eou (6 AmH 1e Kem[[idg ezueSion 0€SI8EL sDsn
SE8E16- | TOST0€ H6SYN uoqnpny
POIET6- | #PL6'6T HLSYN uoqnpny
86L0°C6” 1+0L°6T HFSYN uoqnpny
SLS916° 1659°6C HESYN uoqnpny
86£S'16- | 6SLS6T HTSYN uoqnpny
EVLET6- | 9V8E6T HISYN uoqnpny
19€L°16= | 9069'1¢€ VT QI[IAIPIN 1V 1oAY BAB[RJEYDNY 090¢ qovsn
959116~ | TLIT'IE V7T “OWOY 18 I9ATY Yor[d 0sLy qoVsn
€8¥9'16- | 8990°I¢€ [outey) 1ModoIpAH MO[aq [UUEYD MOINQ I9ATY PIO T8P18¢EL sosn
9786'16- | TEEOIE VT “9[[IANBOIOA] JE "Y) UOISIDAI(] SASIE[D) SO(] NOARY 00S€8¢€L sosn
€OvL 16" €€10'1€ V1 “Suipuer] a1qieq 1Y ALY BAR[eRyolY S10¢€ qovsn
€08€T6" €000'1€ VT ‘I0JeMIE0[D) TeoU OLIP000)) nokeg 000T8EL sosn
8996'16- | T000'1¢€ "V71 “OI[IANBAIO Iu YD) Al( SOSIE[D) S9(] NOAeg 015€8¢€L sosn
€86L°16" $T86°0¢€ V71 ‘Hodsowwig 18 JATY eAe[ejeyd)y 06¥18€L $DSN/A0VSN
€919'16 0TLL'OE o5en) Arerodwo], Kempoo[] eZUESION Je Aeg 910, 00659€160619%0€ sosn
Suog i1 | uopdisaq #uoqnpny | #HDVSN #S9Sn £Huddeqng LHuady #9NS

85



X | X | X | v2IS16- | 0007°0€ youne| Jeoq yewey \% 43
X P8y 16~ | L106°6T Y] puei) 1€ opakeye] SOSN 1€
X 96v°16- | 9206'6C E L puiAe} 0¢ apakeye] SOSN 0¢
X 9T€S°16- | LS86'6T N uI0  Issne,f ] 6C apakeye] SOSN 6T
X TSTS'I6- | 1S66'6T 2400 ofeyng 8T apakeye] SOSN 8T
X €579'16- | 6101°0€ youne jouag nokegq LT apakeye] SOSN LT
X 9L65°16= | 0¥90°0€ puoy e 9T apakeye] SOSN 9T
X X | X 88€S° 16~ | 60¥1°0€ audy) 001D nokeg STANS 930181 AMAT ST
X X | X €16S'16- | S1TTo¢ puoy e 7 930181 AMAT T
X X | X | X | Lo1T16- | 191L°6T MMID + TANNVHD NIVIN €THLIS 6 1sIq AMAT €T
X X | X | X | 1L6er16- | 1szL6C AAVT IV LV AMID 7T LIS 6 1sIq AMAT w
X X | X | X | sL1Ti6- | sveLec MMID TI04d9 TANNVHO NIVIN 12 ALIS 630181 AMdT 1T
X X | X | X | SLLU'I6- | LS9L°6T | ONIANVTSNOYIOA @ TV.LSVOOVILNI 0T 4LIS 6301 AMdT 0T
X X | X | X | zeol'16- | €LSL6T HAIS LSV AV LV 14 61 ALIS 630s1Iq AMAT 61
X X | X | X | 960T16- | 9€LL6T NOAVE ¥vdd ® I3V 1V1d H 81 LIS 630s1q AMdT 81
X X | X | X | stiTie- | vioLec HAIS LSIM VT IV1d L1 ALIS 610s1IqQ AMdat L1
X X | X | X | 69TT16- | €¥9L°6T SSVd ANV'ISI DOd I S1dLIS 630s1q AMdaT S1
X X | X | X | 80€TI6 | LEOS6T HISSHr @ THYI0S NOAVE TLLI'T ¥1 dLIS 610s1q AMAT vl
X X | X | X | stLr16- | 1s6L°6T MMID @ TIIIOS NOAVE ATLLIT €1 dLIS 6 10m81q AMAT €1
X X | X | X | wwicie | LySS6T ANITddId o) T1dLIS 6 10mm8Iq AMAT 41
X X | X | X | LS9€16- | 6¥68°6T INVIALS d 11 4LIS 6 10MSIq AMAT I
X X | X | X | 0Tee16- | vEI6°6T INVIALS q 01 4LIS 610mSIq AMAT 01
X X | X | X | 8v6T16- | 1106'6C INVTALS 6 ALIS 610MSIq AMdaT 6
X X | X | X | 159716~ | 6856°6T WIARL AT0 3O N MMID 8 ALIS 6 10M8Iq AMdaT 3
X X | X | X | 169T16- | 18t6°6C MMID LV YFATI ATO a LALIS 6 PWISIq AMat L
X X | X | X | 10TT6- | 8800°0€ NOITIILSOd NOAVE 9 4LIS 6 PWSIq AMat 9
X | X | X | ¥89€16- | €L50°0€ u0a31d 3y Jedu nokeq sso1) o) doOTdsO 23noy uojeq sosn S
X | X | X | v6v€16- | €990°0¢€ u0o31q S Teau uoadid doo1dy o3noy uoyeq NINg 14
X | X | X | €€I€T6- | T8LOOE MMID Teau uodsig doOTdE 23noy uojeq sosn €
X | X | X | €5€T16- | 6291°0€ UIBIp POy [10 JO A\ [1I0S q wd 23noy uojeg sosn 4
X | X | X | 92L¥16- | S811°0€ Y21y @) [0110S doo1dl 23noy uojeg sosn I
o] w
) - | 2z | B ® > c = = >
Q| S 3 = 8 = = = 2] =] = v
S|E|Z|2 |2 |5 | s W uonduasoq ks s J= z 2 = & & < F
e |2 |”|2 |8 |z - g - * @ - 4 g g #
& =N .w £ = I+ w* »M

suonedo] Surdwes jo JsI'] TV d[qeL,

86



X | vseL'len 109¢°0¢€ 9YE] UOSIOPUSH 9INH ns1
X | €89L716- | €T9€°0¢ O] UOSIOpUIH STNH nst
X | 96£L°16- | €080 e UOSIOpUIH FINH ns1
X | TISL'T16- | 8I8€°0¢ e UOSIOpUIH €CNH ns1
X | 098L°16- | 606€°0¢ Oe] UOSIOpUIH CTINH ns1
X | vWLLT6" 176£°0¢ OYE] UOSIOpUIH IINH ns1
X | L98L'16- | THOPOE OYe] UOSIOpUIH 0TNH ns1
X | veeL'l6" 1eeyoe e UOSIOpUIH 6INH ns1
X | 6TrL’l6- | 668€°0¢ O3E] UOSIOpUOH 8INH ns1
X | 180816~ L6€r'0¢ OYe] UOSIOpUIH LINH ns1
X | LLT8'16- | SSSTOE OYE] UOSIOPUIH 9INH ns1
X | 90¥816- | TILY0E OYE] UOSIOpUIH SINH ns1
X | €LT8'16- | £00S°0E OYE] UOSIOpUOH INH ns1
X | 9Tr8'l6- | 990570 OYE] UOSIOpUIH €INH ns1
X | S8€8716- | €61S°0¢ 9YE] UOSIOPUIH CINH ns1
X | 6SS8716- | 6S€S°0E 9YE] UOSIOpUOH [INH ns1
X | 80€8716- | €0¥S0E 9YE] UOSIOPUIH OINH ns1
X | 1s€8716- | 86TS0€ 9YE] UOSIOPUIH 6NH ns1
X | ¥808°16- | 8LLSO€ 937 UOSIopUSH 8NH ns1
X | €86L°16- | 0SIS0€ 937 UOSIopUaH LNH ns1
X | 9¥S816- | 0€EST0E 937 UOSIopUaH SNH ns1
X | 9¢SL'l6T | 8PSYo€ 937 UOSIopUsH YNH ns1
X | vorL'16- | 980%°0€ 937 UOSIopUsH ENH nsT
X | vleL’le- | 9pLE0E 937 UOSIopUsH INH nsT
X | 198L716- | LOIV'O€ 93] UOSIopUsH INH nsT
X X | SLOT'T6™ | 96SL6T ST 1B JO SIPPIN 1NSTWaYD 60181 AMaT
X EVLET6- | 8LIB'6T Any) urod onig anafeye] SOsN LE
X X X | €06T'16- | €68L°6T NOAVE mqhbwn_@wwm%uwbom NOAVE 9€ d1IS 6 01sIq AMdai 9¢
X | X €989°16- 1€8T°0¢ JoAry SE NS 9 pusia AMdi 33
X | X | X | 9Lerle- | vleToe I0ALL pueId @ MMID daoo1dre a8noy uojeq SOSN ve
X | X | X | LvesTlem | 90vTO€ [eUED YIoM D)IGATY puLlD POOLAEE a8noy uojeg SOSN €¢
= » @
m M 7 W W m Suo| i14s | uondrsaq m W ‘m m m M m emu. ewv W
- ® E | = < g * * 7 M H < m *
e ~ | B * E 3 <

87



VT HTIIATAN

X X | X | 09€L16- | 0069°0€ IV MAAD VAYTVAVHALY (300) S6PI8ELO NVNOVN sosn
X X | X | 0TLE16- | 0L696T | VT ILANNTVO LV LATLNO AV XVM 06S18€L0 NVNOVN NoNs!
X X | X | 0OlITI6- | 0T696C v E >M<W¢%<m«mww%mm MO 00918€L0 NVNOVN SOsSN
X | X X | X | X | L9ts16- | SIvToe 15 dn eued y10pm 140 SmAsn
8SSS'16- | TOLEOE [euEd JI0M 91V SmASN
X | X X | X | X | 6St¥16- | 6S€T0E 200 srey 1oddn SmAsnN
X | X X | X | X | 6St¥16- | 09€T0€ siey soddn SIvV SmAsN
X | X X | X | X | 8TST6- | pE8E0OE [ uIeIp yuoN 01v SMASN
X | X X | X | X | ¥TSS16- | S06€£0€ ZureIp N 1y SmASN
X | X X | X | X | #8¥S16- | €5S€°0€ A yonp Sury 484 SMASN
X | X X | X | X | €LvS16- | 85S€°0€ | youp Supy €IV SMASN
X | X X | X | X | ¥bSST6- | 09L£0€ pear a8nen SMASN
X | 0085’16~ | 918€0€¢ 200 noAeq oerg SMASN
X | X X | X | X | L1816~ | LISEOE noAeq yoe[g 6V SMASN
X | 188L716- | 0TTE0E Y] UOSIOpUSH PYNH ns1
X | S09L16- | 060€0€ Y] UOSIOpUSH SYNH ns1
X | veSLI6- | TETEOE Y] UOSIOpUSH TYNH ns1
X | ¥9eL16- | 1€8T0€ 9Ye’] UOSIOPUSH I¥NH ns1
X | seeLte- | S€8T0¢ 9Ye] UOSIOPUSH OPNH ns1
X | soIL'16- | 9S8T0¢ 9Ye] UOSIOPUSH 6ENH ns1
X | s6IL16- | LETEOE 9Ye] UOSIOPUSH 8ENH ns1
X | vLELT6- | ST1TEOE 9ye] UOSIOPUSH LENH ns1
X | €9TL16- | 966T0€ 9Ye] UOSIOPUSH 9ENH ns1
X | ILILT6- | 1L0E0E 9Ye] UOSIOPUSH SENH ns1
X | 98€L'16- | €€6T0€ Y] UOSIOPUSH €ENH ns1
X | 101L16- | LLTEOE )] UOSIOPUSH TENH ns1
X | 96TL16- | #0OYE0E )] UOSIOPUSH LENH ns1
X | 088L716- | 1LTE0E )] UOSIOPUOH 0ENH ns1
X | 198716 | 0SYE0E )] UOSIOPUSH 6TNH ns1
X | OvLL'T6- | ObPEOE )] UOSIOPUOH 8TNH ns1
X | 0epL'16- | 91¥E0E )] UOSIOPUOH LINH ns1
» - | 2z e < > e Z
m ”W m M, m Ma. Suog jery uondrsaq nmm W ‘m m M M m em QM m
= & ES m z g I I+ H 3+ 1+ m <

88



X | X| X | X 1S9T°16- | LT96'6T AR PIO JO NMMID ov1 a8noy uojeq sDsn
X | X| X | X LSETT6- | tPI66T [eueouosdwoy [ e1puog 8yl a8noy uojeq sDsn
X | X| X | X S6TT16- | 001667 qouI9[ €07 a8noy uojeq sDsn
X | X| X | X 899T°16= | 9L00°0€ uor[usognig 961 a8noy uojeq sDsn
X | X| X | X I7SE'16- | S190°0€ uoaSdsignig 661 a8noy uojeq sDsSn
X | X| X | X 001€'16- | ¥LLOOE uoagidnAg 861 a8noy uojeq sDsSN
X | X| X | X S89€'16- | 80S0°0€ TuodBIgomIry 102 a8noy uojeq sDsSn
X | X| X | X 819€'16- | 8850°0€ 1 u0a31d oI 66 a8noy uojeq sDsn
X | X| X | X 0L9€'16- | TSSO0E u0o81d n&qT @) gniqsson 66 a3noy uojeq sDsn
X | X| X | X S88€16- | 8860°0€ [euRDSSOID) 421 a3noy uojeq sDsn
X | X| X | X LETY'16- | 8880°0€ nig oo L1 a3noy uojeq sDsn
X | X| X | X 081’16~ | 1SET0E ogipuy ng 0LT a3noy uojeq sDsSN
X | X| X | X 60LY' 16~ | 1860°0€ dei uoo) 691 a3noy uojeq sDsn
X | X| X | X OVLY'16- | SLIT'OE eAe[ejeyoly @) [oLI0S 891 a3noy uojeq sosn
X | X| X | X 089t'16- | LLITOE nig poureuup) L91 a3noy uojeq sDsn
X | X| X | X IShy'16- | THET0E nig soef 991 a3noy uojeq sDsn
X | X| X | X LSLET6™ | 1TST0E uouue) 91 a3noy uojeq sosn
X | X| X | X €0SE16- | Lb9I°0€ [OLIOS@) M MID $91 a3noy uojeq sosn
X X | X | X | 81616~ | 8I€00€ Iofulng nokeg Iofutns nokeq | oSnoy uojeq sosn
X X | X | X | Ts8€16- | 0L0T0O€ o] Aydmpy e Aydmpy | o8noy uojeq sosn
X | X | X | L89¥16- | LLTOOE DA Jo pud N TIDAJOPUS N | 28noy uojeq sosn
X | X | X | 88516~ | 89€T°0€ YOIV JeaUl JOARY PUBID) ALIpUID a8noy uojeq sosn
X | X | X | 691¥16- | 9501°0¢ [EUED $2008 Ju 0FIpU] S 1pooLq 28noy uojeq sosn
X | 690%'16- | 60T10€ oipuf nkg AuosSuipearg | oSnoy uoreg $OSN
X | T9Ts16- | 88€TOE uoosid soddn AuosSurpearz | o8noy uoreg sosn
X | 89TS16- | SI¥TOE [eUED YIOM Ajuos3uipear| | oSnoy uojeg NoNsl
X 801T16- | +969°6T AN UBSIOIN e 10ATY eAR[RJRYOIY 190 aomv 0da1
X 988L716™ | OLIEOL | \oprniou aﬁwﬁmmﬂmﬂmﬂm_eﬁoﬁ\ 159 6€00 aomv 0da1
X X | X | 992916 | SL8L0€E Kemidg ezueSion NVNOVN sDsn
X X | X | 186516~ | T8LO'IE aImPnng AR PIO NVNOVN sDsn
X X | X | 09¢L16- | 0069°0€ v ZM z_\%wmwmm_\u,_z 102) S6Y18€L0 NVNOVN sosn
w» - Zz = 4 > & 4
m ”W m M, m Ma. Suoy jery uondrsaq nmm W ‘m m M M m qm QM m
= & ES m z 5] I I+ H 3+ 1+ m <

89



X | X| X | X 6ELET16- | 1LT86T anyoyutodon|g €61 a8noy uojeq sosn
X | X| X | X LIST16- | 0F9L'6T SSeJUEOLIOWY 681 a8noy uojeq sosn
X [ X| X | X 01¥T16- | TI9L'6T ToARY@)ssedpue[s|soq 881 a3noy uojeq SHsSN
X | X| X | X TSTT16- | SYIL'6T e IBLID)Tssedpur|s[SoQ 8LI a3noy uojeq sosn
X | X| X | X 6VTT16- | 8Y9L°6T NeTIe[IudIssonoAeg g 66 a8noy uojeq sosn
X | X| X | X 060T'16- | 98LL'6T nigieag 6L1 o3noy uojeq soOsn
X | X| X | X L60T'16- | ¥I9L°6T [e101X N e[Ie]] 66 a3noy uojeq sosn
X [ X| X | X YTTT16- | YEIL'6T XOYeTIR[A L81 a8noy uojeq sDsn
X [ X| X | X €0TT16- | PEIL'6T XOYeTIR[A 981 a8noy uojeq sDsn
X [ X| X | X TSITI6- | 6T9L°6T XOYETIR[A 81 28noy uojeq sDsn
X | X| X | X 860T'16- | €19L6T XOYeTIe[A 81 23noy uojeq sDsn
X [ X| X | X LYOT16- | 109L°6T XOYETIR[A €81 23noy uojeq sDsn
X [ X| X | X 9661°16- | S6SL°6T XOYeTIR[A 431 23noy uojeq sDsSN
X [ X| X | X P61 16~ | 16SL°6T XOYeTIe[d 181 23noy uojeq sDsnN
X [ X| X | X €681°16- | T6SL'6T XOYeTIR[A 081 23noy uojeq sDsN
X | X| X | X 09L£16- | 1988°6T UONER[NOI)IOLIO] 191 a3noy uojeq sDsN
X | X| X | X 6LLET6™ | 09L8°6T [Iooju] 91 a3noy uojeq sDsn
X | X| X | X 168€°16- | 9LLY6T Sxneapeqry], 66 a3noy uojeq sosn
X | X| X | X TS8E16- | S8L86T NXNEIpEqIy, 66 a8noy uojeq sosn
X | X| X | X SSYP16- | 056667 1Ddeurpdidosexay, 091 a3noy uojeq sosn
X | X| X | X 805t 16- | $950°0¢€ SSEJ120q[00Y 651 a3noy uojeq sosn
X | X| X | X 889%'16- | CT0£0°0€ opis g ssed puejsi SoH 66- a3noy uojeq sosn
X | X| X | X 90L¥'16- | 6620°0€ opis Ay ssed puejsi Soq 851 a3noy uojeq Sosn
X [ X| X | X 9Er 16~ | 01666T T pueln g ®)-uodsid nig oy LST a8noy uojeq sosn
X [ X| X | X 6LEY'16- | 8L66'6T Jomo uoeSiq 9S1 a3noy uojeq sosn
X [ X| X | X 6L6€16- | S6£6'6T 1Dd®Uu0ssIy nky Sig SSl 93n0y uojeg NN sl
X | X| X | X W0LET6™ | 101667 weans 49! a8noy uojeq sosn
X | X| X | X 8S9€'16- | €568'6T IDA@Suo[ nkq omI] €51 a3noy uojeq NoNs!
X [ X| X | X 17ST16- | 9¥T6'6T MMIDDYDUL [T 49! 28noy uojeq sosn
X [ X| X | X 089T16- | 9Tr6'6T IARYPIO@)SuoT nkg 151 a3noy uojeq NoNsl
X | X| X | X 669T 16~ | €8+6°6T 1oAY PIO 0S1 23noy uoyeq sosn
» |z | 2 @® > =) = £
m ”W m M, m Ma. Suog jery uondrsaq W W ‘m m M M % qm QM m

= & = m bl M I+ b £ I+ 2 <

90



X 099516~ | S81T0€ anyo puejst oo1ds apokeye] NoNsl
X LYTS16- | 0086'6C 19[IN0 240 O[EyNq apokeye] NoNsl
X €LLST6- | 98Y0°0€ mo 1[K) apokeye] SOSN
X TS8ST16- | tPLO0E Aqrep niq onakeye] NoNsl
X T8LS16- | 6¥60°0€ audsng niq apokeer] N8l
X 179516~ | 6¥v0°0€ uoqIg Jo § ouagnd apokejer] NoNsl
X €E6F 16 | $S90°0€ [eues sdyqiyd apokeyer] SHSN
X 86¥S16- | €€L0°0E G RUCIUEIE apokeyer] SHSN
X #8516 | #0SI°0€ o jutod assney apokeyer] SOHSN
X 0L0S16- | 9€L6°6T 2y oyouod jjo [eued apokeyer] SHSN
X | X| X |X PPTT16- | 1€18°6C 104319 66" o3noy uojeg SOsN
X [ X| X | X 0SLT16™ | €P6L6T o0(31q 66" o3noy uojeg SHsSN
X [ X| X | X EY'16- | 0680°0€ 1E0Q[OOHSES 66° o3noy uojeq SOHSN
X [ X| X | X €9LT16- | 86L 6T UBDLIOWE@)[QLIOSII] 66" o3noy uojeq SOHsSN
X [ X| X | X 1€2€16- | 6106°6T SuonAQ}I0J[PPIA 66° o3noy uojeg NS
X [ X| X | X LOVE16- | L986'6C JIQJoufeued[io 66° o3noy uojeq NSNS
X [ X| X | X YT6116- | ¥69L°6T 10995013 66" o3noy uojeg OIS
X [ X| X | X 0IEY'16- | LEETOE PUBISJONMMIT 66" o3noy uojeq SOSN
X [ X| X | X 9TSS°16- | TSET0E YLy ®)puein 66° o3noy uojeq SOSN
X | X| X | X 91Er'16- | ¥TETOE Amisp)puersroddn 66~ o8noy uojeg sSOsN
X [ X| X | X TUEST16- | 8PPToE [BUBDIOM 66" a3noy uojeq SOsSN
X [ X| X | X TLOT 16 | 69TL76C SoeIRld 66" o3noy uojeq SOSN
X [ X| X | X €E0T16- | 8bTL6T CMMID 66" a3noy uojeg SOSN
X [ X| X | X SLLI'T6- | +8€L°6T TMMID LLT a8noy uojeg SOSN
X | X| X | X €681'16- | 08SL'6T ayepeg@)suonig 9L1 28noy uojeg sosn
X [ X| X | X 68L1'16- | LSSL6T }93gs0InNAg 66" a3noy uojeg SOsSN
X [ X| X | X L9L1'16 | €S6L76T MMIDD)PLOSNAGINIT SLI a3noy uojeg SOSN
X | X| X | X L90T' 16 | 0LS8'6T PIRYIIRYS vLL a8noy uojeg SOSN
X | X| X | X 0rEE 16~ | TISS6T Suonigay s61 a8noy uoreg SOsSN
X [ X| X | X LLSE16 | SE€$8°6T giutodaniq 66" a3noy uojeg SOSN
X | X| X | X YT9E16- | ¥TS86T gutodanig v61 a3noy uojeg SOsSN
] wn
&L — z = 4 > = ) =
Z =z = =] = 2 < = > w
m E - - - = Suoy g uondidsa( W = = 2 3 = & & % S
LSRR s F % 5 3] Z 2 g g | =
= & = g bl m I+ b £ I+ ] <

91



X SS8Y'16- | 80S8°6T Suo[ Y[ 10MO] A anokejer] sDsN
X SS8Y'16- | 80S8°6T Buo[ [ JoMO] 10jued apokejer] sDsSN
X SS8Y'16- | 80S8°6T N @y oydpuod apokejer] 9Ny
X SS8Y'16- | 80S8°6T ssed 100110 apokejer] sDsnN
X 185 16- | ¥0S1°0€ ae| Suof apakeye] 9Ny
X SS8Y'16- | 80S8°6C SErqqLISIp yoje apokejer] NNy
X SS8Y'16- | 80S8°6C 4 ssed yoje apokejer] sHsn
X SS8Y°16- | 80S8°6T €€rqOOIYOIUONE[pULIT anokeje] sosn
X SS8F 16 | 80S8°6T zeeqoye[pueld anokeye] sosn
X SS8F 16 | 80S8°6T [ €eqoxe[pueIs anokeye] sosn
X SS8Y'16- | 80S8'6T 0geqeNe[pURIS anokeje] sosn
X SS8F 16 | 80S8°6T 6TBqMONe[puRIS anakeye] sosn
X SS8F 16 | 80S8°6T 87eq Hove| pueis anokeye] sosn
X 1#85°16- | #0S1°0€ 9zequuiod assnepy| anokeje] sosn
X 1#85°16- | #0S1°0€ 2mso[d®) dudyo nkq apakeye] sosn
X %8516~ | ¥0ST°0€ auayd nkg anokeye] sosn
X %8516~ | $0ST°0€ [oUUEYO UTew o1y apoLeye] sosn
X 1#85°16- | #0S1°0€ urjosuos n&q anokejer] sosn
X €0SS°16- | €510°0€ o [[rypues anokejer] sosn
X 8TES16- | 1€90°0€ o FnquoaeIs anokejer] sosn
X 86LS'16- | £€860°0¢ Aeq ssexoel anoKejer] sosN
X 86LS'16- | £€860°0¢ §1Jo o epuem anoKejer] sOsn
X 0L0S'16- | 9€L6'6T sdijjryd@epuesm onokejer] sOsn
X 86LS'16- | £€860°0€ H seD) epLof] onoKejer] sOsN
X 86LS16™ | €860°0€ 150m B3 BPLIOL] anekeye] sosn
X TUS 16" | 90p0°0€ uoqIg anekeye] sosn
X 0015’16 | +¥86°6C amnyo oyouod anekeye] sosn
X LE6Y16- | 6TE0°0E T6RWaR amekeye] sosn
X 1¥85'16- | #0ST°0€ n&q pueid anakeye] SOsn
X Sh6b 16~ | 1€p0°0€ ['6 JuaWad amekeye] sosn
X LEESTT6- | 8PPI0E quojd ap ndq apaAeye] SOsN
» - |z |2 » @
m ”W. m m, W Ma. Suoy je uondLsaq nmm W ‘m m m M m M e.uwmv W

° = | B * s i * z ** 3 2 G 3

92



X X | ObLS'T6- | LLSO0E 7504 ANY nst1
X X | TT8SI6- | 6L90°0€ 1509 ANA ns1
X X | 097S°167 | $€60°0€ 8v0d ANA ns1
X X | 60SS16- | ¥L60°0€ LyOd AN ns1
X X | LIPS 167 | $T80°0€ wod ANA ns1
X X | I#¥S16- | 0L80°0€ 1704 AN ns1
X X | S8pS167 | LO600E 0vOd ANA ns1
X X | LESSTI6- | #160°0€ 6£04 ANY ns1
X X | 1€9S°167 | 9€60°0€ L£09 ANA ns1
X X | 059516~ | 1£80°0€ v€0d ANY ns1
X X | LE9S167 | LPLOOE €04 ANA ns1
X X | 8TSS'I6- | 09L0°0€ 1£049 ANY nsT
X X | vI¥S16- | 1290°0€ L2049 ANA ns1
X X | 0LTS'16- | €620°0€ 810d ANY nst1
X X | 011S'16- | L610°0€ s10d ANA ns1
X X | ¥2T€ST16- | 8910°0€ 1104 ANY nsT
X X | 8¥¥S16- | S110°0€ 80d ANA ns1
X X | ISESI67 | 6700°0€ 908 ANA ns1
X X | 8€TS16- | THOO'0E v0d AN ns1
X X | ¥8ISI67 | 1€00°0€ €0d ANA ns1
X X | L8IST167 | 9966'6C o4 AN ns1
X X | 9STS167 | 9£66°6C 104 ANA ns1
X $600T6- | SL6S'6T HZISVN uognpny
X | $€8€716- | T0SI0€ H6SVN uognpny
X SE8€T16- | TOSI0€E H8SVN uognpny
X | ¥91€°16- | ¥hL66T HLSVN uognpny
X P9IE16- | PPLE6T HI9SVN uognpny
X | 86L0T6- | 1+0L°6T HYSVN uognpny
X | L8916 | 1659°6C HESVN uoqnpny
X | 8657167 | 6SLS'6T HISVN uognpny
X | €vLET6- | 98E6T HISVN uognpny
TS8Y° 167 | 9106°6T 101 anekeye] sosn | 101
86LET6- | 6TT86T [ouuey) €01 opokeye] sosn | €01
908%'16- | TTO6'6T [ouuey) OET puLID 201 onokeey sosn | o1
X SS8H'16- | 80S8°6C urew®) sdijiyd onokeye] sosn
&l w
» - |z | = ® > c - = >
o | = z | £ 8 = =] = 2 S = 7
S|2 |28 |3 |F| suwn 15 uondriosoq E: 5 J= z | 2 = 8 2 s 5
R =S Il - B - I~ « g 3 7] ey e g 5] **
=3 & s m z S H* z H* I+ 2 <

93



X X | 118€16- | 951662 Z9aNI AN ns1
X X | 0TLE16- | 9806'6C 193NI AN ns1
X X | SvLE16- | 0L88°6T 09ENI AN ns1
X X | 1I0V'16- | 96£6'62 6SaANI AN ns1
X X | Ceor16- | LLE66T 8SANI AN ns1
X X | chor'16- | 295668 LSANI AN ns1
X X | Clsrl6- | sho66e 9SaNI AN ns1
X X | TIEr 16 | 82966C SSANI AN ns1
X X | 1SEF16- | LS86'6C PSANI AN ns1
X X | LEPP 16~ | £500°0€ €SANI AN ns1
X X | 1697'16- | 2620°0€ ZSaANI AN ns1
X X | SISt'16- | LSSO0€E 1SANI AN ns1
X X | €EIF16- | 6680°0€ 9VNI AN ns1
X X | 9LbS16- | $690°0€ 00208 ANY ns1
X X | SISST6- | 106662 66608 AN ns1
X X | 62bS'16- | $850°0€ 60108 ANY ns1
X X | TLLS16- | 8THO0E 80104 AN ns1
X X | vPSS16- | SP80°0€E 00108 ANY ns1
X X | v28S16- | 0€L0°0€ 0604 AN ns1
X X | S9LS'16 | 6850°0€ 6804 ANY ns1
X X | vISST6- | 6120°0€ 9808 AN ns1
X X | SEbS16- | S620°0€ s80d AN ns1
X X | 891516~ | 290°0€ 8089 ANY ns1
X X | ThLST6- | 6S90°0€ 0804 AN ns1
X X | ©9IS16- | 1SL66T sLod AN ns1
X X | 020S'16- | $9L6'6C wod AN ns1
X X | 9860'16- | 6v866C 0L0d ANY ns1
X X | 9l6v'16- | 8€66'6¢ 6908 AN ns1
X X | €S6v'16- | 986662 8904 ANY ns1
X X | 066v'16- | $200°0€ 1908 AN ns1
X X | T€0S'16- | S010°0€ 9909 ANY ns1
X X | 9L0S16- | 1420°0€ 908 AN ns1
X X | 066v'16- | $920°0€ v90d ANY ns1
X X | 166v'16- | TLZ00€ €908 AN ns1
X X | 1905’16~ | 8Tr0°0€ 2904 ANY ns1
X X | 961516~ | 1LE00E 1904 AN ns1
X X | 189516~ | 1#S0°0€ €508 AN ns1
» = |z m @ > c = 4
22|z 12 3| sun e uondisoq 3 = m m m Z a H mw 5
SIB|7|I%|E S » g > 3+ @ : z g & 3
e - g8 * = 3 S
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X X | S00v'16- | €€56'6C SAOY AN ns1
X X | L2016~ | 9Tr66T PAOY AN ns1
X X | SLEV16- | 6L666T £AOY AN ns1
X X | €8St'16- | €190°0€ A0 AN ns1
X X | 8vEr16- | S880°0€ 1AOY AN ns1
X X | TL6€16- | pLEG6T 69aNI AN ns1
X X | 100v'16- | €€6'6C 89ANI AN ns1
X X | 60LET6- | 9858°6T L9ANI AN ns1
X X | 00vt'16- | ¥6666T 99aNI AN ns1
X X | €916~ | $850°0€ S9ANI AN ns1
X X | 916" | 6T60°0€ POANI AN ns1
X X | LOSET6- | 9806'6C €94ANI AN ns1
= wn
» - |z | = e > Z o E >
o | Z z | & = =) = 2] < z %)
S|2 |22 |5 |3 | suwi w1 uondisoq 3 & g 2 2 = a & g 7
S |2 |“|2 |8 |2 ” g 3 » : z ] 5 *
8 & mv .m el M *H = *H* B+ pM <
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Appendix B
Field Parameter Analyses Results
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Table B1. USGS East Atchafalaya Basin Synoptic Run

Location Date Turb. TSS EC pH DO Temp | Discharge Area Velocity | Direction
(NTU) | (mg/L) | (uS/em) | (s.u) | (mg/L) | (°C) (ft¥/sec) (ft}) (ft/sec) (9
GIWW@sorrel 3/7/2011 374 557 314 7.6 9.48 8.62 14200 6340 2.43 122
Cannon 3/7/2011 391 585 316 7.65 9.45 8.65 449 397 1.26 183
Jakes Byu 3/7/2011 315 410 319 7.69 9.5 8.83 1930 1230 1.7 117
Unnamed_Byu 3/7/2011 375 588 314 7.74 9.35 8.65 919 854 1.34 178
Sorrel_(@_Atchafalaya 3/7/2011 364 555 314 7.74 9.42 8.63 10100 4440 24 51
Coon_Trap 3/7/2011 389 567 313 7.73 9.43 8.6 814 1092 0.79 113
Byu_Indigo 3/7/2011 395 567 316 7.6 9.38 8.66 1010 667 1.76 71
Bee Byu 3/7/2011 209 272 33] 7.7 9.17 9.92 270 421 0.7 84
Crosscanal 3/7/2011 244 319 329 7.65 8.61 9.9 864 670 1.42 108
crossbyu2 @ Lbyu pigeon 3/7/2011 36 791 753 1.25 322
Little Pigeon 1 3/7/2011 252 441 322 7.74 9.53 9.19 3160 1405 2.51 187
LittlePigeon2 3/7/2011 293 441 323 7.74 9.45 9.2 1900 1122 1.86 213
Byupigeon 3/7/2011 364 3090 1717 1.92 284
ByuBigpigeon 3/7/2011 353 188 253 0.83 162
ByuPostillion 3/7/2011 491 1900 960 2.13 295
Williamscanal 3/7/2011 234 56 171 0.36 270
16inch 3/8/2011 215 254 322 7.69 9.32 9.61 69 83 0.92 183
GIWWN _of Old_River 3/8/2011 381 668 317 7.7 9.26 9.05 9720 5418 1.96 182
Old_River 3/8/2011 35 58 385 7.69 8.64 13.41 579 7126 0.11 80
Byu_Long @ Old River 3/8/2011 59 114 354 7.71 8.62 11.42 703 2104 0.42 198
21 _inch @ GIWW 3/8/2011 201 226 321 774 8.56 9.63 288 344 0.89 220
Little byu long @ EGL 3/8/2011 45 84 405 8.11 9.27 14.93 703 2104 0.42 198
stream 3/8/2011 28 89 456 8.16 8.59 17.8 485 0.02
Big_Byu_ Pigeon @ EGL 3/8/2011 23 73 444 8.16 8.92 17.28 2149 0.33 337
Pigeon_cutoff 3/8/2011 27 76 399 7.38 7.08 14.92 358 0.45 65
Little Byu Pigeon-@_E Grand L 3/8/2011 2.5 185 430 7.4 6 16.36 144 0.06 280
Hog island pass W_side 3/8/2011 2672 0.11 253
Hog island pass_E side 3/8/2011 165 183 318 7.78 9.12 9.52 2961 0.44 198
keelboatPass 3/8/2011 325 419 312 7.78 8.36 9.14 1440 779 1.93 218
Texaco pipeline @ EGL 3/8/2011 431 667 313 7.76 7.53 9.07 170 259 0.67 73
ThibadeauxN 3/8/2011 173 163 330 7.79 8.59 10.77 690 0.78 95
ThibadeauxS 3/8/2011 141 210 326 7.77 8.46 10.44 580 0.21 31
Interiorl 3/8/2011 25 91 453 7.56 7.88 10.58 872 0.18 355
InteriorCirculation 3/8/2011 125 238 354 7.78 8.47 12.13 758 861 0.95 37
FlatLakeX 3/10/2011 182 343 7.53 8.92 11.53 0.72 248
FlatLakeX 3/10/2011 57.7 375 7.46 8.58 14.4 0.24 215
FlatLakeX 3/10/2011 12 441 7.12 4.7 17.69 0.29 158
FlatLakeX 3/10/2011 122 350 7.48 8.11 12.15 0.4 131
FlatLakeX 3/10/2011 168 346 7.46 8.36 11.86 0.71 115
FlatLakeX 3/10/2011 182 346 7.46 8.08 11.8 1.19 104
FlatLakeX 3/10/2011 129 358 7.39 8.05 12.79 0.9 141
BearByu 3/10/2011 0 453 6.92 1.51 17.86 1200 3834 0.34 188
Big Bayou Jessie nr Flat Lake 3/10/2011 37 92 389 7.2 5 15.08 1940 2310 0.95 192
DoglslandPass2 @ Flat Lake 3/10/2011 94 339 351 7.47 7.75 12.59 5760 8102 1.08 90
DoglslandPass @ River 3/10/2011 411 881 312 7.71 9.21 8.9 2000 820 2.71 8
AmericanPass 3/10/2011 427 763 313 7.72 9.3 8.95 1820 1041 1.85 335
2linch2 @ River 3/10/2011 343 568 311 7.72 8.98 8.95 1700 894 2.12 45
Wellhead 3/10/2011 331 560 312 7.74 9.25 9.17 717 580 1.45 4

99




Location Date Turb. TSS EC pH DO Temp | Discharge Area Velocity | Direction

(NTU) | (mg/L) | (uS/em) | (s.u.) | (mg/L) | (°C) (ft¥/sec) (ft)) (ft/sec) (9)

DoglLeg 3/10/2011 304 452 314 7.73 9.27 9.3 206 227 1.08 58
Bluepointchute 3/10/2011 344 489 312 7.75 9.1 9.14 3820 1969 2.05 360
Bluepoint2 3/10/2011 293 380 313 7.75 9.36 9.39 3050 1844 1.73 98

blue point 3 3/10/2011 314 421 313 7.76 9.36 9.39 1600 938 1.79 61
Shellfield 3/10/2011 32 79 407 7.36 8.13 16.88 181 2392 0.08 33
LittleByuSorrel @ GIWW 3/10/2011 5 50 448 7.42 7.34 17.99 1140 2997 0.44 70
ByuGrosbeck 3/10/2011 84 143 373 7.53 8.22 13.62 115 215 0.68 332
ByuLong @ flat lake 3/11/2011 168 161 339 7.51 8.68 11.01 4980 5013 1.07 209
GIWW2 3/11/2011 120 162 343 7.51 8.79 11.29 6910 7671 0.96 176
GIWW3 3/11/2011 122 132 318 7.61 9.22 11.05 5536 8001 0.75 262
FlatLakeS 3/11/2011 54 77 345 7.42 8.65 13.51 12500 19428 0.7 200
texaco@river 3/17/2011 219 352 264 7.54 8.76 9.93 405 2.25 72 193
texacoWofschwing 3/17/2011 240 415 265 7.58 8.89 10.16 409 1.63 66 285
Texaco pipeline @ EGL 3/17/2011 224 345 265 7.59 8.86 10.34 236 0.91 68 282
GIWW@sorrel 4/4/2011 63 143 276 7.33 8.53 14.05 17100 7500 2.27 113
Cannon 4/4/2011 68 203 269 7.51 9.13 13.38 1800 840 2.16 179

Jakes Byu 4/4/2011 61 169 270 7.57 9.08 13.55 3000 1540 1.96 113
Unnamed_Byu 4/4/2011 66 147 270 7.58 9.07 13.33 3400 1200 2.83 177
Sorrel_(@_Atchafalaya 4/4/2011 66 165 269 7.6 9.05 13.33 13000 5100 2.56 50
Coon_Trap 4/4/2011 67 481 270 7.63 8.99 13.38 4400 1800 2.43 113

Byu Indigo 4/4/2011 63 168 269 7.54 9.01 13.33 1700 950 1.78 84

Bee Byu 4/4/2011 36 94 278 7.56 8.8 14.72 480 700 0.69 92
Crosscanal 4/4/2011 50 810 1100 0.77 108
crossbyu2 @ Lbyu pigeon 4/4/2011 36 380 1000 0.38 137
Little Pigeon 1 4/4/2011 33 78 288 7.34 7.17 16.76 2200 2000 1.08 237
LittlePigeon2 4/4/2011 18 47 302 7.2 5.83 18.89 1600 1700 0.98 215
Byupigeon 4/4/2011 60 171 279 7.55 8.38 14.51 5200 2300 2.25 287
ByuBigpigeon 4/4/2011 65 151 280 7.57 8.33 14.69 760 560 1.38 162
ByuPostillion 4/4/2011 151 1600 1700 0.94 298
Williamscanal 4/4/2011 133 600 370 1.62 267
16inch 4/5/2011 52 208 287 7.19 7.45 16.31 290 270 1.09 183
Sondra Thompson canal 4/5/2011 60 124 288 7.16 7.31 16.42 518 1300 0.4 234
GIWWN_of Old_River 4/7/2011 48 100 278 7.26 8.78 14.22 9900 6800 1.46 182
Old_River 4/5/2011 27 6400 7400 0.87 110

Byu Long @ Old River 4/5/2011 59 1100 1900 0.57 182
21_inch @ GIWW 4/5/2011 108 281 660 0.43 212
Little byu long @ EGL 4/5/2011 15 73 293 7.24 7.21 18 1000 1500 0.68 86
stream 4/5/2011 15 58 293 7.26 7.17 18 220 760 0.28 27

Big Byu Pigeon @ EGL 4/5/2011 1.8 58 307 6.95 3.31 21.2 380 3000 0.13 177
Pigeon_cutoff 4/5/2011 64 480 680 0.71 242
Little Byu Pigeon-@_E Grand L 4/5/2011 1 95 312 6.87 1.25 20.41 9 200 0.03 288
Hog_island pass W_side 4/5/2011 920 1.19 140
Hog island pass_E side 4/5/2011 354 2900 0.58 173
keelboatPass 4/5/2011 179 2100 970 2.62 218
Texaco pipeline @ EGL 4/5/2011 113 340 480 0.7 66
ThibadeauxN 4/5/2011 132 1100 0.35 93
ThibadeauxS 4/5/2011 69 1100 0.08 31
Interiorl 4/5/2011 137 620 1500 0.41 345
InteriorCirculation 4/5/2011 126 960 1500 0.65 34
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Location Date Turb. TSS EC pH DO Temp | Discharge Area Velocity | Direction
(NTU) | (mg/L) | (uS/em) | (s.u.) | (mg/L) | (°C) (ft¥/sec) (ft>) (ft/sec) (9)
FlatLakeX 4/6/2011 11 337 6.94 4 19.46 1.26 270
FlatLakeX 4/6/2011 1.1 358 6.89 2.81 21.2 1.33 280
FlatLakeX 4/6/2011 0 356 6.83 1.42 21.7 1.34 230
FlatLakeX 4/6/2011 11 340 6.95 3.35 20.6 1.02 132
FlatLakeX 4/6/2011 28 323 7.1 5.15 17.8 1.25 106
FlatLakeX 4/6/2011 25 323 7.16 5.14 17.7 1.38 97
FlatLakeX 4/6/2011 25 323 7.12 5.04 17.9 1.49 126
BearByu 4/6/2011 0.3 45 354 6.83 1 21.66 3700 3850 0.95 190
Big Bayou Jessie nr Flat Lake 4/6/2011 27 69 333 6.95 2.85 19.6 3200 2800 1.14 185
DoglslandPass2 @ Flat Lake 4/6/2011 29 376 322 7.19 5.72 17.7 10000 7040 1.43 86
DoglslandPass @ River 4/6/2011 97 363 298 7.61 8.33 13.77 2000 1200 1.74 7
AmericanPass 4/6/2011 80 337 300 7.59 8.3 13.86 470 1300 0.36 335
2linch2 @ River 4/6/2011 80 397 299 7.62 8.35 13.77 1900 960 2 42
ThibideauxChute @ river 4/6/2011 0 0
Wellhead 4/6/2011 86 391 298 7.66 8.38 13.61 1800 760 2.4
DogLeg 4/6/2011 88 247 298 7.76 8.35 13.6 780 530 1.95 55
texaco@river 4/6/2011 80 215 298 7.67 8.53 13.5 540 237 2.34 56
Bluepointchute 4/6/2011 75 211 300 7.67 8.54 13.68 6300 2400 2.63 355
Bluepoint2 4/6/2011 78 239 300 7.73 8.32 13.94 4300 2300 1.89 101
blue point 3 4/6/2011 85 374 300 7.68 8.45 13.93 2200 1400 1.6 63
Shellfield 4/6/2011 10 337 7.21 4.57 19.49 440 1600 0.31 52
LittleByuSorrel @ GIWW 4/6/2011 2.8 62 351 7.06 3.05 22 860 2700 0.32 65
ByuGrosbeck 4/6/2011 3.6 354 7.12 4.49 21.22 334 0.08 180
ByuLong @ flat lake 4/7/2011 39 73 326 7.03 5.25 17.93 7700 5000 1.54 211
GIWW2 4/7/2011 34 76 324 7.1 5.66 17.61 12000 8500 1.38 182
GIWW3 4/7/2011 25 49 328 7.16 5.74 18.04 12000 8900 1.35 260
FlatLakeS 4/7/2011 15 77 340 7.05 4.03 19.92 33000 20000 1.62 200
GIWW@sorrel 40301 40 89 371 7.38 5.04 21.7 12000 1.7 7400 113
Cannon 40301 68 116 395 7.81 7.6 20.92 390 0.75 620 179
Jakes Byu 40301 37 82 397 791 7.53 21 1030 0.98 1140 113
Unnamed Byu 40301 33 110 402 7.89 7.45 21.07 360 0.51 740 177
Sorrel_(@_Atchafalaya 40301 67 174 399 7.89 7.49 20.83 4860 1.2 4230 43
Byu_Indigo 40301 70 125 397 7.95 7.34 21.1 640 1.1 640 83
Bee Byu 40301 8 53 398 7.28 2.43 24.73 159 0.45 370 259
GIWWN_of Old_River 40302 28 101 383 7.39 5.13 22.81 8000 1.5 5700 181
Old_River 40302 6 32 389 7.08 1.68 25.5 4900 0.81 6830 112
Byu Long 40302 5 35 392 7.07 1.79 25.77 750 0.5 1700 183
21_inch 40302 41 92 384 7.22 4.08 23.66 275 0.53 560 212
Little byu long 40303 14 43 404 7.98 9.71 26.93 530 0.54 1060 86
stream 40303 10 36 412 7.69 8.04 27.78 0.32 720 35
Big Byu Pigeon 40303 3 32 388 6.87 1.23 25.18 790 0.4 2200 200
Pigeon_cutoff 40303 3 36 386 7.05 1.39 24.68 370 0.93 450 248
Little Byu_Pigeon-@_E_Grand L 40303 2 371 7.06 0.64 24.09 0 0 0
Hog_island pass W_side 40303 26 66 436 7.59 6.3 26.2 0.23 3500 209
Hog island pass E side 40303 0.07 2900 260
keelboatPass 40303 29 65 422 7.52 5.38 23.79 538 0.66 920 217
TexasPipeline 40303 7 49 409 7.19 1.45 25.63 0.17 310 73
InteriorCirculation 40303 31 73 420 7.42 4.06 26.55 540 0.63 930 40
Thibideaux@Schwing 40303 17 61 440 7.68 7.57 28.48 0.04 1060 12
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Location Date Turb. TSS EC pH DO Temp | Discharge Area Velocity | Direction
(NTU) | (mg/L) | (uS/cm) | (s.u.) | (mg/L) | (°C) (ft/sec) (ft?) (ft/sec) Q)
Interiorl 40303 69 0.04 700 90
Interior2 40303 62 43 413 7.35 3.7 26.71 0.62 710 90
16inch 40302 96 96 384 7.2 4.6 23.62 125 1.25 120 181
Shellfield 40305 27 78 419 7.56 5.06 23.9 380 0.25 230 1820
LittleByuSorrel 40305 2 42 398 7.12 1.57 26.33 880 0.42 2300 68
ByuGrosbeck 40305 25 122 414 7.45 4.55 24.64 90 0.64 170 328
ByuLong 40305 30 97 415 7.46 4.87 243 3400 0.75 4900 211
GIWW2 40305 47 111 416 7.49 5.09 24.2 6000 1.1 6340 182
GIWW3 40305 40 412 7.45 4.89 24.37 5100 0.69 7900 260
FlatLakeS 40305 30 53 403 7.49 5.75 25.11 11000 0.6 20000 200
DoglslandPass2 40304 23 69 409 7.22 321 26.15 5200 0.89 6560 86
BearByu 40304 4 27 408 7.27 3.77 29.02 200 0.07 3400 183
FlatLakeX 40304 38 397 7.14 3.43 0.33 157
FlatLakeX 40304 26 398 7.08 3.56 24.85 0.51 164
FlatLakeX 40304 18 405 7.08 3.75 25.6 0.8 97
FlatLakeX 40304 2 392 6.89 2 27.07 0.38 78
FlatLakeX 40304 15 416 7.08 3.77 26.35 0 0
FlatLakeX 40304 20 409 7.07 3.51 25.53 0 0
FlatLakeX 40304 26 407 7.04 3.09 254 0.99 112
FlatLakeX 40304 20 403 7.03 2.8 25.7 0.8 120
DoglslandPass 40304 69 194 426 7.92 7.21 22.09 1038 1.3 870 12
AmericanPass 40304 31 51 421 7.41 491 26.58 223 0.26 960 153
21inch2 40304 58 143 425 8.08 7.69 21.56 1034 1.32 840 42
ThibideauxChute 40304 0 0
Wellhead 40304 68 144 425 8.08 7.69 21.74 270 0.61 540 7
DogLeg 40304 47 116 427 8.11 7.81 21.84 23 0.27 150 50
Bluepointchute 40304 63 155 426 8.11 7.76 21.77 1900 1 1870 355
Bluepoint2 40304 44 91 432 8.14 7.86 22.34 1700 1.1 1700 101
LittleByuLong 40304 70 148 435 8.14 7.95 22.53 960 1.43 820 62
Crosscanal 40301 29 87 411 7.76 6.52 23.42 410 0.61 700 109
ByuPostillion 40302 40 99 383 7.47 5.14 22.8 780 0.75 1160 298
Williamscanal 40301 40 91 386 7.62 6.12 22.63 110 0.51 230 267
Byupigeon 40301 33 56 382 7.57 5.99 22.22 2244 1.2 1900 287
ByuBigpigeon 40301 51 100 387 7.63 5.82 22.5 283 0.85 350 162
LittlePigeon1 40301 38 89 389 7.61 5.8 22.73 2030 1.3 1770 237
LittlePigeon2 40301 36 81 385 7.64 6.03 22.38 1380 1.1 1380 215
Bigpigeondown 40301 6 41 389 7.33 2.71 25.99 146 0.15 1150 179
Bigpigeond2rb 40301 55 1.1 59 225
BigPigeond3rb 40301 23 0.16 170 131
Byupostilliondown 40302 50 69 393 7.5 5.37 2391 991 0.86 1260 283
GIWW@sorrel 5/30/2011 18 25 240 6.91 2.98 24.6 25700 10500 2.58 124
Cannon 5/30/2011 11 4 234 6.88 2.06 243 2742 1340 2.35 167
Jakes Byu 5/30/2011 8 8 238 6.93 1.42 24.5 4300 2450 2.02 126
Unnamed_Byu 5/30/2011 74 92 237 7.29 5.19 23.3 6700 2530 3.05 174
Sorrel_(@_Atchafalaya 5/30/2011 78 126 236 7.29 5.68 23.1 11370 7390 1.76 46
Coon_Trap 5/30/2011 89 162 236 7.34 5.63 232 6050 3100 2.21 109
Byu_Indigo 5/30/2011 9 9 231 6.92 1.66 23.8 3500 2600 1.70 140
Bee Byu 5/30/2011 34 27 239 7.18 4.34 232 310 1870 0.25 152
Crosscanal 5/30/2011 12 7 234 7.01 2.73 24.4 1160 2260 0.56 125
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Location Date Turb. TSS EC pH DO Temp | Discharge Area Velocity | Direction
(NTU) | (mg/L) | (uS/em) | (s.u) | (mg/L) | (°C) (ft¥/sec) (ft>) (ft/sec) (9
crossbyu2 @ Lbyu pigeon 5/30/2011 11 17 233 7.01 2.14 243 2660 2269 1.24 140
Little Pigeon 1 5/30/2011 12 7 234 7.01 2.59 24.5 660 3900 0.28 193
LittlePigeon2 5/30/2011 11 9 233 6.98 2.12 24.4 2270 3500 0.75 206
Byupigeon 5/30/2011 5 5 237 6.94 1.70 25.3 1410 4070 0.36 126
ByuBigpigeon 5/30/2011 9 6 235 7.02 2.55 24.9 1190 1460 0.96 160
ByuPostillion 5/30/2011 11 9 239 7.01 2.13 25.2 1200 3400 0.46 136
16inch 5/31/2011 21 23 240 6.88 2.08 252 360 1887 0.29 150
SondraThompsoncanal 5/31/2011 23 38 240 6.90 1.96 25.3 1460 2260 0.72 59
GIWWN_of Old_River 5/31/2011 19 242 6.98 242 252 28800 10500 291 181
Old_River 5/31/2011 5 9 237 6.86 1.42 25.4 16300 13200 1.43 133
Byu_Long@OIldRiver 5/31/2011 6 5 236 6.89 1.55 25.4 3000 3800 0.95 175
21_inch@GIWW 5/31/2011 10 12 239 6.93 1.83 254 340 1600 0.26 180
Little byu long@EGL 5/31/2011 59 55 239 7.28 4.93 23.7 4386 3050 1.53 89
stream 5/31/2011 27 20 241 7.15 4.00 23.8 130 1790 0.09 80
Big Byu Pigeon@EGL 5/31/2011 23 13 239 7.12 3.58 23.6 2900 4500 0.71 182
Pigeon_cutoff 5/31/2011 29 19 242 7.22 4.29 24.0 51 1524 0.04 120
Little Byu Pigeon-@_E Grand L 5/31/2011 33 22 241 7.22 4.21 23.8 125 702 0.25 120
Hog_island_pass W_side 5/31/2011 54 47 240 7.35 5.55 23.6 13000 13200 1.03 169
Hog island pass E side 5/31/2011 6100 9700 0.80 183
keelboatPass 5/31/2011 52 39 239 7.36 5.61 23.5 940 2300 0.44 200
Texacopipeline@EGL 5/31/2011 51 35 241 7.38 5.62 239 160 1000 0.27 87
ThibadeauxN 5/31/2011 31 19 242 7.17 3.68 24.1 1660 2440 0.82 103
ThibadeauxS 5/31/2011 27 17 241 7.13 3.38 24.0 850 2060 0.49 190
Interiorl 5/31/2011 43 28 241 7.29 4.81 23.9 5140 2900 2.10 164
InteriorCirculation 5/31/2011 50 41 240 7.35 5.16 239 1800 2800 0.74 196
FlatLakeX 6/1/2011 23 241 6.88 2.52 25.7 1.75 200
FlatLakeX 6/1/2011 2 237 6.83 2.31 25.7 1.07 212
FlatLakeX 6/1/2011 1 239 6.87 2.44 26.0 0.44 197
FlatLakeX 6/1/2011 2 238 6.86 2.35 259 2.08 161
FlatLakeX 6/1/2011 2 243 6.86 2.03 26.1 1.28 142
FlatLakeX 6/1/2011 6 251 6.89 1.48 252 1.90 125
FlatLakeX 6/1/2011 9 249 6.90 1.74 252 1.33 117
FlatLakeX 6/1/2011 1.03 115
FlatlakeXtotal 6/1/2011 128000 1.40 160
BearByu 6/1/2011 3 9 239 6.87 1.57 259 13200 6340 2.24 178
BigBayoulJessienrFlatLake 6/1/2011 7 7 249 6.91 1.61 25.1 6000 4380 1.71 156
DoglslandPass2@Flat Lake 6/1/2011 14 13 246 6.97 2.07 24.6 23800 10900 2.59 81
DoglslandPass@River 6/1/2011 31 7 245 7.17 4.27 24.4 4570 3040 1.94 190
AmericanPass 6/1/2011 44 66 244 7.22 4.56 243 9300 4160 2.53 145
Bluepointchute 6/1/2011 24 17 245 7.12 3.05 24.6 4200 4160 1.04 178
Bluepoint2 6/1/2011 41 31 242 7.30 4.69 24.1 1580 3600 0.45 110
bluepoint3 6/1/2011 44 34 242 7.30 4.97 24.0 700 1720 0.46 100
LittleByuLong 6/1/2011 1200 0.35 173
Shellfield 6/1/2011 12 9 244 7.03 2.51 26.0 450 5451 0.26 147
LittleByuSorrel@GIWW 6/1/2011 3 2 240 7.00 2.39 26.3 300 4350 0.13 128
ByuGrosbeck 6/2/2011 3 2 240 6.78 2.14 26.2 390 1080 0.49 153
ByuLong@flatlake 6/2/2011 42 102 245 6.88 233 26.0 10800 6700 1.83 314
GIWW2 6/2/2011 63 124 246 6.93 232 259 30500 14000 2.50 177
GIWW3 6/2/2011 32 61 247 6.95 2.53 26.0 38300 12900 3.29 261
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Location Date Turb. TSS EC pH DO Temp | Discharge Area Velocity | Direction
(NTU) | (mg/L) | (uS/em) | (s.u.) | (mg/L) | (°C) (ft¥/sec) (ft>) (ft/sec) (9)
FlatLakeS 6/2/2011 4 13 244 6.88 1.81 26.4 105000 28000 4.07 204
workcanal 5/30/2011 11 10 234 6.93 2.16 239 4160 2130 2.32 130
uppergrand @giww 5/30/2011 12 11 240 6.95 2.65 24.4 16700 6070 3.08 94
Grand@ATch 5/30/2011 78 119 236 7.26 5.65 23.1 3000 8100 0.34 99
giwwNofgrand 5/30/2011 7100 2300 3.59 145
grosbeck?2 6/2/2011 2610 0.86 180
oilcanalnofOr 5/31/2011 3330 0.31 104
MiddleForkbyulong 5/31/2011 17 11 243 7.04 3.05 23.8 2900 5500 0.82 177
litlsorrel@american 6/1/2011 3400 0.23 89
flgasEofkeelboat 5/30/2011 1690 0.28 107
bigjoe 6/1/2011 4700 0.87 156
bigFork 6/1/2011 3 0 238 6.95 1.25 25.7 6600 6090 1.29 140
BA38pipeline_off spice island chute | 6/1/2011 3520 1770 1.99 265
BA13_sandhill cut 6/1/2011 540 1110 0.49 124
BA40_diversion_9.1 6/1/2011 88 1000 0.09 150
BA19Wanda Canal at Phillips 6/1/2011 1010 1300 0.78 150
BAO5WandaEof element 15 6/1/2011 65 860 0.08 180
BAO4Element15 6/1/2011 6600 2050 3.20 140
BAOIFlorida Gas W 6/1/2011 1900 960 1.98 70
BAO3Eugene_at_gage 6/1/2011 1750 1360 1.29 190
BA39Darby 6/1/2011 1880 2460 0.77 180
BAO6Canal into Jackass Bay 6/1/2011 514 860 0.60 50
BA11PipelineoffPonchoChute 6/2/2011 5 260 0.01 175
BAO9Buffalo_Cove 6/2/2011 1480 2150 0.69 200
BA17Eugene S _of Sibon 6/2/2011 84 930 0.09 75
BAO08Sibon_off GA 6/2/2011 88 901 0.10 176
BAO7Tyler_cut 6/2/2011 0 1643 0.00 138
BA25Chene_closure 6/1/2011 1910 2050 0.99 114
BA15Bee Hive 6/1/2011 24800 8290 3.25 151
BA36Atchafalaya nr Myette pt 6/2/2011 343000 74800 4.89 143
BA33Chicot_nr Myette 6/2/2011 41300 18630 2.35 123
BA34Dist_off Atch_S of Myette 6/2/2011 27000 16700 1.97 167
BA20Grnd_Byu Wof Lk_Fausse 6/1/2011 3520 2690 1.44 207
BA26Lk F Pt Ct Abv Buff Cove 6/1/2011 36800 12700 3.05 151
BA27Lower Lk long 6/1/2011 42800 15600 2.83 159
BA21lkfausseptcut 6/1/2011 19500 9040 2.29 154
BA23Atchafalaya 6/1/2011 478000 82100 6.11 186
BA10Ponchochute 6/1/2011 540 1790 0.34 107
BA14PonchoS 6/2/2011 1040 2670 0.43 213
BA18Phillips_at atch 6/1/2011 4400 2000 2.39 270
BA28Rangeline2E 6/2/2011 8720 5150 1.80 146
BA29Rangeline2W 6/2/2011 18300 9840 1.88 145
BA31Rangeline3center 6/2/2011 19210 8180 241 115
BA30Rangeline3E 6/2/2011 12900 6600 2.02 113
BA32Rangeline3W 6/2/2011 1650 1600 1.18 146
BA22WestAccess 6/1/2011 2650 2870 0.99 223
BA24WestAccessatMain 6/1/2011 17400 4300 4.51 217
BA16LkFaussePt_Cut 6/1/2011 15400 5820 2.80 199
Atchafalaya at simmesport 5/26/2011 670000 115000 5.80 173
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Location Date Turb. TSS EC pH DO Temp | Discharge Area Velocity | Direction
(NTU) | (mg/L) | (uS/ecm) | (s.u.) | (mg/L) | (°C) (ft¥/sec) (ft?) (ft/sec) 9
Morganza_at 190 5/26/2011 164000 276000 0.59 170
Atchafalaya at Morgancity 6/1/2011 478000 76000 6.28 150
Wax Lake Outlet 6/1/2011 309000 40900 7.89 197
GIWW @sorrel 11/7/2011 4941 5312 0.96 122
oilfieldoutlet@sorrel 11/9/2011 37 838 0.05 96
GIWWNofsorrel 11/9/2011 2353 2455 0.99 133
Sorrel @GIWW 11/9/2011 2860 2739 1.08 46
Cannon 11/7/2011 23 397 0.05 218
Jakes Byu 11/7/2011 169 549 0.34 122
Unnamed Byu 11/7/2011 41 550 0.06 158
Sorrel @_Atchafalaya 11/7/2011 2716 2942 0.98 41
Byu_Indigo 11/7/2011 132 307 0.48 72
Crosscanal 11/7/2011 182 423 0.46 113
crossbyu2 @ Lbyu pigeon 11/7/2011 145 282 0.61 141
Little Pigeon 1 11/7/2011 380 1040 0.4 245
LittlePigeon2 11/7/2011 607 813 0.86 220
Byupigeon 11/7/2011 438 1232 0.37 285
ByuPostillion 11/8/2011 352 1042 0.37 292
GIWWN_of Old_River 11/8/2011 4444 5158 0.94 182
GIWWSofOR 11/8/2011 5185 6812 0.83 141
Old_River 11/8/2011 622 6368 0.13 129
Byu_Long@OIldRiver 11/9/2011 28 1334 0.04 196
BearByu 11/8/2011 870 2975 0.31 11
DoglslandPass2@Flat Lake 11/8/2011 2120 6781 0.36 260
DoglslandPass@River 11/8/2011 1150 744 1.68 8
AmericanPass 11/8/2011 1760 1412 1.34 333
Bluepointchute 11/8/2011 614 1164 0.56 358
Bluepoint2 11/8/2011 482 1047 0.49 100
bluepoint3 11/8/2011 254 325 0.84 64
LittleByuSorrel@GIWW 11/8/2011 960 2191 0.47 64
ByuLong@flatlake 11/8/2011 1220 4646 0.28 207
GIWW2 11/9/2011 4320 7061 0.62 176
GIWW3 11/9/2011 2820 7408 0.4 262
FlatLakeS 11/9/2011 7660 18048 0.46 15
bigFork 11/8/2011 1480 3021 0.56 120
WGIWWSofLBS 11/9/2011 2740 5076 0.55 189
EGIWWSofLBS 11/9/2011 4120 6250 0.71 183
GIWWSofpigeon 11/9/2011 4880 4546 1.14 110
GIWWNofpigeon 11/9/2011 5400 6611 0.85 182
2linch2 11/8/2011 513 474 1.2 50
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